- Solutions Manual to accompany 


SOLIDS TATE — 
RADIO_ 
ENGINEERING — 


} 
; fs 
¥ 
s 
£ 
Pd 
BS 
x 
a 
= 
E 
¥ 


ao 


at 


; ; 
a 
‘ j 
ia 
. ‘ 
7 * * 
: i 
aria 
, 
' 
"? 
> = ee * 
he 
id pie 
Me Pt ee oF 
by y 4 
s + 


7 
: 1 
i 
+4 
re 
mt, 
yi Hi . 
be yy 2 Yes 
*y 
- =| ak 4 
: ea SE 
Vis. 
a’ ‘ 
hy 
" } 
AS i 
ee 
> Cee 7 
ic 
eel, * 
. “ 
Max 
ac a See eis : 
ae sy : 5 
* ~ 
F 
‘ i 
s w 
¥ i : 
y : 
; é 4 er US 
4 
} i 
} 
FS 
ie 
ne 
fer 


Pape em i) 
Poy : 
‘ie 


Seo Lew TOONS: “AANIUA L 
FOR 


SOLID STATE RADIO ENGINEERING © 20, 


HERBERT L. KRAUSS 
CHARLES W, BOSTIAN 
FREDERICK H, RAAB 


JOHN WILEY & SONS 


NEW YORK CHICHESTER 
BRISBANE TORONTO 


Copyright 1980 by John Wiley & Sons, Inc. 


This material may be reproduced for testing or 
instructional purposes by people using the text. 


ISBN 0 471 05293 0 
Printed in the United States of America 


lO pais Onoe4asr2y | 


GRARTEM aS / 


P2-|.1— 2-13 
peal! an 204 
@) Ws Von = Vin ten = 44TB (Rta) 
2. 
50K Ki Vea (b) T= 400k, ie 5 x10* Hz, voltmeter 
Vike | has Ry = = ; 
Im 
(OVyr = ERT BR, = GFL BE 400 x 5x/D°x EX/O" 
2 GG ERO 
Vim = 74.3 4V 
GQ) Vam=474V. (3) b=Vin tHlan=773 x10" 7 
Vom = SFM | "4 


(c) The voltmeter tesisTauce 1's Ry =100R-2. This “loads 
the circuit. Voltmeter readings ate. 


CN Vger Vax 100K 2 4% S4V 
[SC 


(* ) Vie a oa (3) Vomc = BAG AV 


of Jos 


The Tojal holise af jock we ten Ee 


OF ae ag = ie ay; 


LEE Aly a a i (a, the mean-suate short-circuit current 
(adie SA AY fee S EA 4KTBG 
where G aL. 


Hence Luz “(¢-RTBE) ape /A fig. A- -/. 


i lek 


jab? aed Me ah. onc 


oh 
vam mee oo an 
- { 
ys 
aosfaest Et oe 


(b) V,2= LimtTan = 44TB(SrtGs) _ 424T B(R,||Ra) 
(Gi + G3)* (G:t+G3 \a 


Thevenin resistance Rr = Si | Ra) + Kz 
Meat Sine re Thevenin vol lage 
Ven = Virtlau = 4&T BR. 


Zenit) Lh IR 
es kR | => 
! 
C) am 


B= =10% T= 293K, 44T= 1.62x/0~2° 
Von = ARTE Rs = B.24x/0- | y= OSEZUV 


Vin = Van x Lex = on = 0,075 4V 


ache 


ne eres 
V2 = Ta Sass exh i 1h BG, + E62) 


(6:+ G2)” (Gpleaie 
©) R,=l0£2, R2=204O, Be (oe ceo ar tel 
Vu = BALE av 


(GRR, Bos 3h rac 
Vas ot ro, ua V 


P2-|.7 — ABA 3 


eal OR 
Sabstitytion of (2-4) To (2-®) yields Vi = FAT aoe 
al @ J, | 4/2 
é a] xf oo, 
Subst/ tule X= Ww ax = wee @ get Ae 4£T oe 


Wz -_——- 
CALG a 
Then ae 4RT 1 Se i a am 
me Us | Cane ke as 
Siar a | 


Ca 


T*= J9Ty B = 32xI0'F* L2 0177 GA 


2-3,2 
(2) Vom = F4 TR, B= 1 6x/0'* 
Wt = 4h Tay B= 7x/O~" 
WE. fri = Ag [T,'[B = 6.4x (0-47 
Tom = Ag |TC|B = 32x10" 


(bb) Replace HOIse souUkces Ks and 2 by Their Jerléen 
eruia len’. 


I% Haste sith BF IO SRO 
2 2 2 str x) 
; VY 
: Bekoda | Vs (2% Leh)[aall(Rst2x)] 
Vs 46x /07'? 
C) Let Feo Box + Fm Ves B2x/O Ll 4x) «/,46x/0° 7 
LESe Aa Cax Oe 
Guay. =e. KS 5,7Axl0 * 
€) Vp =44TBR= 7 x/o'* (negligible compared fo ye 
(F) Ven due to Vea ‘ 
A 


ic eo] Sag sa: Sr 3 Ay nz 
fs gu * fp yr) Gem R, 33x/O 


@) NF = wo = ll or O45dB 
> 


Om 


Pa-4/— 2-54 


a—4./ 
For NFEjp = 3, NF=zR 
Sa ‘ Ri eran > WF-|) =290(A-1) =290 K 
ViuO Sho  . Pa eae = Se tix /Oine 
ie Y At the amplifier inpal, 
ae Re Seale 
a jee 
2 oe = /O 
Lp put meen he at = (6,67 Or la. 2dB 
Me 
Outpul ' SVR, = 2NRi = 333 CF TLa4B 
She 
Pe pee 
ae ; NF (dB)=3, NR=2 
Ampl fier Mixer 
Si) NF Gal (dB) = Gacy Gai = Soro 
| NF, dB)=4, NF,z= asl 
a Veal 
Miya Mie oe = 2425 “or 375 4B 
eee Ps 
Ga AB)=10, Ga,=10) NFi2 = 2d51 oF 3.3348 
25,3 


ee iia Gelso, (Vi ers] 
With Ga; Se aie NFiyz2. S25 "0 he 5.43 dB 
With Ga, = (2, VE. =~ 2.53 or 403dB 


VE AB eno MV FF ea aha 
NF (d B)= Vy ) WAZ = As! 
NF; 2 (dB) = 3,5, NFj2= 424 


Sp iti ( siert EN g/ 9 aT Ds NI BpulBy ce Te 
NFi,a—NF, Ta a 


Paro = ero b 5 


ai 5) 5: 
poaa et eee : 
Rec Stee: | ac ees = AOTx/O" 
3002 Vai 12300-7.. je 4.65.0) 
TA=H000KF ee t.qB | Oe RO ree 
B=3X/0 


b) In pet SWR of 30dB gives 
SY i ae (ETE, Eg Vsé 
(C) For VFB =f, N F= 2,51 


igh 
a7 5.6 Saas | reeese 
S1ace 40 our; ul (mM edauce WAS R Bi 
Specified, (~ Co) a OME ; R; DLV, Re 
Cr AGE com pated To RL} Le, UC) 40.27 | AR 
a Current sotttce. [5 Agee 
Thermal hoise produced by Ks Ay = Me 250 
‘Ss * SA 
je gqiven by Vath BRe = F.I0K10 ae ado K , 
@a)Atthe sn pest; 2 = BS Sse 
SNR; = Vs¢ pela _ VSKi0~*) te Aer te 


Wit View Cee © Sie 


6) At the oulpu®, all thermal noise generated lea Ry. ap peats 
as patt of Ve. Let Yur= FRTBRe = 2.56 xi? | 
The Tola | mean-seuare nojse CuTput /s (Vor. +A; Vue) 
Ay Yui = 9.96XO "x (4B) x2500 = 2,962x/0-7 
: (10 2 z 2 +3 
The slg hal oul pet 1s an =kK fo) MDGS = FoS X/O 
Thepy oN Re = dee. SNS Tap KOS WS 1/9 E39 
dnt Vine Ay Disexio dae KIO! 


OF /3.64¢4B 
noise due to Ry Is not SWVRe a) 
COhHsidete 


et the meanseuace output noise voltage be Ua 
Vio = 2X ng Ay = 5.73 X07 
The True SNR, = Vso 2 $GOS SOKO hd B 


a2 Zz 
bye t Vgc. 


j GHAPTER 3 
3 -hil— 9-1: 


R ih. 
3, a YW -Vet i‘ 
At resonance, % =e 
Lef AK ta. V. COs LoL Cc 


Ae = Lax sin erpot 

Wp C | 

Stored Shera in LaudC js! Uy aon 
Combine and Ss 


Z 


s 2 
Nee =gCe 


| how that AYN. tAeP =a Lh TAS DN a oe 3 eae “7 Dt) 
Substi tule (ufo (3-4) ‘ Ps Sy a 
OMS Nia Fine aie = UbL . 
Fine) . aN xt x 
Vz - 


ae t -10 
Lal) al =(00" C -(00pR RIO Ahi 30 
Gi fo= Gf BF Me. petem one Cb) @=2005 fa om 2rmV 


Ee L =/00u4H 
Z(s) has a pole af s=0 and zeros at Z(s)—> 2=S5e1 
Yi x+ 1B = re SEND 0’ ard Be 

aka ok-j@ = -25x07-j /d! COO ee 


For S= i, ave sd = L(\w-¢ (jw —¥*) 
to 


d Lo 

Since B= 400K, the variation [ih Z(jx) 
hear Fie 2eto at ¥ I's caused Se wy MB tS ie 
entirely by the vatiaTtjon th the Vector y 

(jw-¢). (The taTio \w-k* remains re dP % jWo 
neatly constant). (@ The s plane ix 

the Wicthity of ¥ 1s shown here. AT j(P-a)=j%1 


W= 8-H, jw-r =V_2 K (-FS° 

ieee ee vi (Oe nen : 

Cae Brie eyes 8 =Vai« 445 l 
(continued on next page) 


a a 


PO~ hima e sad 7 

3-14 (conTinued) 

Thus the “hal f-powWe i " handwid Th for Z (je) /S approxi tyatels 
Lig—-ly =2AK,. Then Oa He = 

“=, 2a 

This approximation would Hot ho lf For Arce DECAUSE. 
the Vectors (\e-e*) and (jw) would .exhibit appreciable 
Var/a tion jh both magni fude ated angle | 


Baeil 


ee 


Q) From (3-12), Q = Se = 40 
PERE Tee Es a Mae AL 
(b) T=2A2mA, V=LxRe=4y 

Ze= VeweC= FOmA = QOxL 


rs: | 7 
R,p= 242, Ri, = 502, C,= AD pF, f= lb Me, Wp = /0 tad/s. 
@) lef E=0 ahd GEFrC=aCT. 


From FE = RE +1, y= AIFF 


[= ic =/Outt Cr Ge =/000 pF ) C= 780 pF 
B= to = 90,/ A Hz. . 
Ot 


gees easy melee 1 eee ear ae ae a re eee ee ee 
o re Sen Cr (Ri +t) 


C) = Wel = 2x07 
Pp, 
er = #L, where R=2x/0° Define Re=Ritlé =K, tL. 
i CO Ph eel tO 
Then Qr Re ; ui eee As 3 mae oh AE 
Re= Rs (QE+1) = Koi Lt ks - “Wli+ (Rit RL) 
From This, L*-#L (Re-2 Re) _ Re | Re -R.) =o: 
Lont + KE 


5 A Zz 

Solve for L To get L=/2/F AH , Rs=Stkl= 7436-2 
‘et Se he ge Veuetietu e362. 
"ARR 


C= 799 pF 


g RSIS Reo weal 
FE pe Pe 
Use Table 3-3.2, Hre=4R2, R,=32, f,=20MH#Hz2 | 
Qe x Ke/R, = 800. Py, BAAS 
L= 9 Rr = M25, H. Cap Es =) 56, Seow 
ees igs ae plc la is 


tel 
Baie (Gp = BO aR es 


BES Ae 
Coll res/s Tauce Ie —- Wel = Lay ET past sa 


(= 
to 4-000 214 para le (. + 


i- 1 Serjes with L trausforms To 
the patallel eguivalent Rp= te (Qf+/)= 70708 | 


Re = ¢000||7070 = 2555 2 

= WwW = is = laa ah feta by H 
Ap Wee Re = Re = (Bil |B fo /@, = Lil MAz 
3-3.4 


Tf the source resistance Rs =b6#2 I's added in patalle/ 
with 442 (the Re of the parallel cireaiT) ,The new Rz 
peconmeés Ry. = 6000/[/4000 = 2400.2 


Biz Rt [wol = 16.78 5 B=f/Qe= L1EMHa. 


The easy route tb this derivation starts with 
Se ee ee eae jwe l 
fal oe) SE ll eee ees More re oT 
Ute Ajwe i tgpaceRe soe we | 
ae resohayzce the (magi tary pact /'s equal fo, ZErO, 
cae The CX PGE SSO. tou Ce et = ! 


The Fea/ pat? of Y nee Lc- R*c* 
ves = CR fom 
a Ve SE or Rte = 


3-6.[ Use Table 3-é./ 
~ — Ke Gifs ve — 


a Os laa 
C,= A aN Cyan, pe 


P3-62— 3-72 g 
Sy ae) 

f= 5x0? H2, Uy = 10 "Ir rad/s 5 B= 5x/0* 2, Qi. 54B,=./00. 

Choose Ri =/0 we\ 5 = _l ui, 

t Ke ati a aT BR: = 318,3 pF = oLeee 

Alte uae | =a [ se 
a ze. BP 3AH 
For The lapped capacitor side use Table 3-41. 

No = Ft /R2= 25, = 55 Pp 2 Ot/ME = 2O 

Gm NOES The F C,= 2/(Ne-l) = BPS pF 
For the fapped thducTor use Table 3-6,2. 

Mae ee 10, °M, = 3.16 2) = Ce /M= 3162 
Note LF The circuit isdtiven pia. source with tesi(sTauce 


Ks=R,(=/#-2, The trensterfiiyction wil/exhibita band- 


Width B= /O kHz and overall Boh FO: 


Spatial 


Mente Vlg l aty ea SS 


(b) Vg= 13 Zale (Lig+M) tio K ie = 6 
{2 Lis tf 
Va3 = Viz x (L23tM) a ok 


Lr 


Bra 


Citcult of fg. 3-16 WiTh Re = 250.2, Ry=/02, &=O.25, 
L=2uhH, =4MHz. 
Rt /Ro =25, Wol/R,=53 
From Fig. 3-7/8, I/N* O25, N=4 
From Fre. 3-22, Dx/.5 [As a check use (3-45) f ger 
Re /Ra=N2D = 16x, 5 =24.] 
From Fra. 3-23, E 21,05 
ae = CBO= IE _ WOnOnORT 
WoL 


CA0207 = F3/pF 


O 
The 7a p should be 25% of the ied From The bottom 
7o The fop ef The coi/, 


10 RB aloe ete 


3-73 
Ra= 50, Rp = 200, L=ahul, R=O0.1 fg=30 MHz. 
Re /R2 = 4, Wol/R2=754, and Wol=377-2. 
Pape eay, Sia Saal, weal AM tens O75 , Nimo so: 
The fap should be at 75% of the lal Turns. 
Frormn. Fiala ae geo [N7D= 4 as it should] 
From Fie. 3-2.1, cow si. ate 
Bs = wc SBE NEES, 96 Pn OF AGS ICN O Fa ae 
Wel ry luo 


Sion fa 
3-8, eg i 
pee ao Sanco Ba fa 
Lice ppc aed 9795 tt Maa St =VIO0 =3./E2R 


Zz 
Qa) With Op=l Ra Ol4/, Lg=/Q4H, £1= /, 005 44 tt 
M = 0.446 aH. 


(b) With @p=10; #=0,316, bg= hen, &1 =0.9754H, 
M= 0, 315° At tH. 


3-82 
Use the citeu thesbowh above, with R+ =1000-2, Rz= F002, 
fo=SKIC°HZ, Wo=lOT BaF X07 Hz. 


From P3-b.1, @ =/00, C= 3/83 pF, p= O. BIB 44. 


From Fla 217, Rycx=Ol4 and Po uc cot he 
Use Table 3-§. fot Op =5, B£=0.228, .g=2.55 ah, 4,=OFTht 
M = 0, 20ba H. 
For Yp =10, = 2.317, La= | 27 tz by, £,=2.3/¢ ak 
M=01 POL H. 


Note! Ifa tapped-cepacitor-citcuit is used ey: 
co SEE as her Sipe hes a5 Re Ro 
Transformed to Ke = (ORL and back K,> es 


to R, = IRS the citcuil values ate! 
For Gp=(0, R=O,317, C=3/6.3 pF Ly = FIEB 44,2 L,, 
La=|27ahH, M=latt ©, = 3798p Co=/5F9/ pF 


peut ge | (( 
Baa CC) 


Fr = 100x3=300MHz, Wr =1885 X/Oltad/s. atk Le =/O MA. 
Assume Wis Hota functh 


Hh of L-.sin dala / 
for compu me the va/sue at Ce a Ute ate Mog des 
) Gan 


At Ie =/Om =40L.=0.4U and Gp= Ga_Cu= 208 pF 
a / A — a age 
At T-= [mA, Fou 02.040 and Cr =/72 pF. 


(b) Node analys SOF fra. P32-& 3h ideas : 
Ay = V2 = fut wl 

qu tyoCea 

EAS Pi. Grae et eS G) 


Gp ach = gr + W*Ee Ry (it fous Re) i) 
Glas Cp =i Be Crt tO + Jou Re (4) 
lt o* Ca Re 


Use (l/) with [Ay[=50 fs solve for Ry = 1266-2 
Then Gy = 4,407 x(0 “er 
( Ce= Cp= 218pF 


(4) The network transforms 7/12 
to lates with &=S5MHez, 
B=50RH2, ahd G& =/00. 


ior Ri~> 
The coil (nduclanece (s chosea 2660 iH 
arbitrarily a 


CG 
L=2utl " The coil has G = 200, hence ifs equivalent 
Patatlle | res/sTance 3 Rey = CO SIG i ete GS -S2. 2 . 

be SF SR aad cn RS 4 Pear, 
Capacitors Cz (=Ci+Cp) and C, must trausforin Rp Te 
Bee URIERG Pera elal CFS Ieree pr! b 566 


Then Re=FKe, +Re2 = 62730 gives The desired G=/00 
os — ieee ae SOY pr. Use lable s-Z.l to Fird 

“sl  WpR- fe / 
N= 4.204, p= 47.6, Cz=NC= 213/pF Cg=al3/-2/8=/F3pf 


Si aeaiae Te 266,3*7 Assume £=0.( for the coil. L2f200s. 


ence The coil behaves ike 2 perfect transfor me KL 
Far Yolalfurms mM’, the numberof tuens From bbc Js 
MxXVRL/RE = 0,45 ™ 


w here =| No / (1) 


_ 


Re 


) 


epee. 


I2 GEA AES 
mareesll Gem one 
Note: Computer programs were used for some of the cakulations 
in these probletus. “Hence only the frual answers are available, 
4.-2./ (a) 
f.-= 4x250 =/000 MHz. Ju = fx — (53.8. 
ATT = mie: = 6.5052. Fr Eh Zee LFZEMU 


nn 
Ax= Rie er=lO2. Fx= a 
Ca =Cob =ApF. Cans is = 22.5 pF 


Assume 2ee= 50M. Then & or Se 0.02 me 


(b) Use The LACES las in Apperdix Pine with £=/0 MHz. 


yie~ 15a a LERmMUE fe = ([5L2+;O0 mv MO 
Cg peop ct Ue = 00175 + jO.3I6 me 
soem! 
From(F-/8),G=-2.15 7 
4-3,2 
From (4-/6), Gp =l657™mU 
timsnS 
(a) From (4-/6), K=4.08 (b) K=O.82 
dpe Use (4-17) and (4-18) 
Fic = ATtj be 3 MU ec = S3-j RNS me 
oc = Ol +jy lO Mv Vea o. 
Clg Ola Rao uhOnis wi BZ imines 
ste Toes WAN CREPE Tris ea 
4-5.1 
From (4-25), MAG = 42,533 
Tie ee 


Fro eat Gea OF i Tae 
From (4-20), Gp= 210 er a3adB 


—_— - = 


EAS At —-/ 0, 13 


GA) fic = 3.6 Flat m cree AT— J Vit M1 O- 
Gee = 0.0027 + JO a Gre = — 0,0 4- +O 
Peierrainte (5) Ge Lo 


U EELS SAMBA.S, 2229.50 
" (4-16), G, =A0I437 mu , RL = 676 #2. 


4-7,2 
Gs= 1S AUD; G = 0, 00804- mw 
Bs=/834mV, B= 0,03/7 Me by iteration 


Sr =iSo | 


4-7,3 
From (4-(6) K=4Ho0l 
By ('Terarion, Be Sd dl Poet Zr 
Br =—-_ — Hilo # af 
From (4-24) Gps Ill er £0.46 dB 


4-/2.! 
(2) Given La=laaA and Rr =3 ff 2, Ve = SV 

Va ver CE fav 
Transistor data sheet gives fe fR2S >. Tp = = 0.04. 


Assume Veg =0.7V and’ Rg =R,||Rz =B04£-2 
VBB = Vor +Lg/Rg+ Re(keet /)] = 5,0AR2Y 


R,= Keke - 79 G2. R2= F Ke - 49 #2 
se CS LAE a ec 


C, , C2, and Ce cah beon the eider of 0O1-2,08 wl 
if thete se/f-resouance ttmegue tie G {ss >5 MH2 | 
(See Appendix 4-5.) 
(b) {x = fet = O-]0,6 MU us 


This re presen s an inductive reactance 

“UD ae = jez —/6672. cohneclTed fron collector 

to base. A DC block (Cy) is also teeuli-ed. } 
Or ee ania oe La Soe, 6, = O.OLe fF | 


eruse Fixed Ly=lCOuH and adjust by yareif e 
ied ed Frititner Capac; for) i Hee 


Cm 


4 P4+- 10.1 
4-/0.1 (Continued) 
(bo) From 4-(7) and (418) the composi le pararrelers Ate! 
te = ROVE Ue SRR A cin, Cae e 
Yor = ODOR Gs ee as 


I 


C) With YU, =O, 7 Re citcult is unilateralized . 

Vieee Gic = ZB.64/n4A MT; You = Pg a fa w 
(ho oat pel Capacitance). 

Crag wus Lt = es a 

Resonate with a shunt /ndactor, Lé=+a— =. S23 att 

connected To Ground hom —— &OBin 

7 te, aie ls ern) iis 

(d) If Ra = DOE, Ca = 5 mnt and the @ On tie 
thou “side /s Cs a Wald OOM 2 21m 


—__—~ 


On The out put Side), Go we Doe — ie Sere 


Bandwidth is limited bu ay 
Bx fo/QPo a T90 F Hz : 


(2) From (4-9), Ay = 72 ew Oas = 60.62 [162° 


P oct Ye. 
se a aes : = where Ra= 2002 R= = 2762. 
Vs vi Roi+R ry O. 562 yy, Ne Ty, 
Ye = 35:26 Lea 
= 2 * 
F AS - Yo — Y% [Re —|Vo_|% 800-497 
(Ff) form (4 Ji, Gr, Fas Vc /4Ra Vs 2000 ee 


(4) With K=IlmV Bose 6h4aw 


F4--/O.2 IS 


4--10.2 
fo = 5MHz, B= 2504 fz, en Oy = So pe ae 
Lnput Network ed 
C; Y= 20= Cee ~ Wo lee 


Rq ry Gs +Ejy a Gz ¢ 
LQ ks=2002 Fron the above [or(4+-4é)] 
ce Ep Cte = 54-75 pF. 


From P4-/0.1 C; (of transi Tor) = 554 pF 
Thus, for the watching het Wor K Cc a oA tiles Brag pif ‘i 
Use Ta fle 3-b.(. From (4-50) the hetwork has 
Oy = et SSOSF A 


ba 
N%= Rs ~4, W=2,a, Ge = 6.46 


; K 
Approx mate fortuulas giVe op “WC= 98F2PF 


Cy = Se = Rite Pl. 


ms os AE Oe a3 
also L, = (8, = OleGAL 
CuTtput Network 


G, = ~~ =OrO Mo 


2000 
Ry. C3 or Rs Gip=G, +G2u = 4.50289 pce 
AR Ala 50n, Cro= Ste = BID PF 
¥ 7 er 8 


Boya=eo, hence al , 
“ae ‘fs provided a The male hi ta bh etwock. 
N*= 2000 = 40 W= 6,325. 


ee, 

Nefwork ye wae: Sage pa p28 p fj Gps Pe oo 3.1/8 Aeyce exacl 
LV 

FOr mu(las Sh, is tl. 
Op =| QF +1 = cyte 

N2 
oe Wo Ro 5 
Psei= Ca /Gp4/\ — 2/3 4- 

4 ( OF ‘) ve 


C3=GseCto == B76 pF 
Cse—Cto 


16 


P4-/0,3 


Out put Network deste for 
Bim ODL) ees Spas ys Gabe ets Orono 
A710 r- Ry 


62 = O-4-7 (4 mo 
Gto = Git G2 = 3.226 MO- 


Transl(s Tor oulput capaci fance &, = 2 = La TS pr 
for B=0,25MH2, c= Ste. _ 2954 pF 5 
The maltehine refwork must sup pla C=C —Co= [FIE Fate 
The network has G, =Hel = /6ER 

Lise Table 3-6.1: 

V2= Re ~ 5,4 | N= 2.324; Yp Ne =i Gy 


(2) 
Use exacl frermulas. 


a whee 1% 3 og 
aie (| 7 


C4 = Op = 4507 PF 
—  WKRo 


Cee Sued Ce ae = 4597 pF 
P 


Cas= Goa Gk — 405° F 


pr el CrP ay Ge 


ba = fn = OAT ait 
(A) 


ee 


CHAPTERS 17 
P5-2./ — 5-5] 


On hal 


(a) 


Oscillation 1e9 uy Fes 
Equivalent Cireut: 


gL Kt 


R. ts the egul valent parallel resistance ef the inductor. 
In this preklem we are given the series 2guiValen? Valves : 


s 2 
R., =) L202 Roy 


Hence Re>(Rn| means Re + (wla)*, [ Rn| 


R oa, 
Bet! Rol Ra — Re oo pariah: biel = 3.973 X/0 rad. 
ae GS. 18 xra= )* i 


7 
Then fore the circoit will oscillate at any F > BIZENC® = 6.323 MA 


(b) The most |ikel Frequency eof oscillation gat the Vvesonance 
Boe were ef Land C 
(Fe Pe — a fe. ty g = “AG ZF Xo rab 
V Lee V (8. 1ex7oP (§6.8¢x/e!2) Ste 
fe = 7,335/ MA: ee 
Note +that the crreurt? Q = a= 3-46? cs relatively low anh 


KG 
ose/lation fe | occur at other Frequencies. 


Oe ool 


sor EA ad ar Sr Ca 
From (5-/8) Xin = eee: . Re (14) 


$ 
: C. 
9 olving this for ee), Re a Re Cl 5c.) st 
OY ae} eee OO 
min oe <2h, 


For low Meike sip Astome he = S02. 


18 P 5-5, POS AI.2 


§-5./ continved 
For the Circurt of Fig. 4-/2. /1F C2. rae BE EE) = (40367. 
i Cc, 2/8 


Hence Rizk, ee OFNE SO AL ges a 
min 0.0712 $ 
As Xmay Varies fnversely wits K,, the above egua lion gives the 


mininim R, that can be used witha specified Xmiq- 


Resl ts: fart min aunmim R, 
Qa 0.98 Ti7eJe 
b 0.997 763 St 
c Os? 77. TASTES OR 
a 1,0 T7562 
4-5.2 Ye = Sain. 
(a) 4 paramelers fe the transisfeor: 4 pie q oF 
way ht y Ctl 
1g Ye ° sf t oa 4] =a O 
V, Ce Co V, 412 Vo V.=0 
ay ] —/ 
ag aes = — = f,887 x/O 
ou Y¥ V,=0 Ve Ree Ke 
t rot 6 -«V, Le “> 
42, = i = —%le _7*V/ve SSS SP Ay? v/a 
t V,2 0 Vi Ve ; 
Tz ~ 4wl,= 4h 289x/0' 4 
22> = nd Picacl aside | | haht alba 
CEs Neary d 


V.=0 


veal 5 lalate 5M 
= (e) 
2 Fi Jo -Keal § Ye Ye 3 
This ¢s tndelermmant. Flowever since p=O Shere ts no ovtpot- 


Zo- caput Feed back pa th and phe transistor ‘s unconditionally sta be. 
es: 4 parameters of the Feedback network: 


R 4—T 
ee i a ‘ Re= Weise 
\ 2 rt Vo Grae Ce pF 


V G 
ON WO hae Cp=2 S72 era 


BSS? 


19 
5-5-2 continved 
Ts ae ede - | ~ l 
Aes V, wa Ny aa = 
F © gwccece) Ca 
f= 225710 Le.742° = 2.20 x/8 +4 2.650K/0° U 
Re C 
Ye = Z| Iie keg 
Va V,=0O \-I, 7, C2 ) V2 
| 
1, Re (i/pwCz) et aceined 
que, Re oo | jue 
\WwCe 


45 8 PORTA AN DP ,| 245-6 
; ~473.01 4 —aZ2teFt _ A 
bs op “Ares 4 A>. 


Ye a (L27¢ c/o L262.5°) x (0. 1263 £92 95° ) = 4.608 x10 2 Lb. VF? 
Py passe Pays aI oy 


for this network 


fF and «7 1s not Wecessary Fo calculate 
rs # gape jz ‘ 
5) iba As q_ Check. 


Re 


C; 
= + Rea 
Yo, ; V,20 y, ( Co L 2 
I 
F —| é 
ete pee ee ie ea) og YS 
pe eh C,+Cp 
yw (Cte) we, 4wlr 


f= 


at » 
“LE I7K15°~ 4 BBBKIO = / CoRx/0°L/86.1F 


20 P5-5.2 


5-5.2 continvek 
F To | 


Beal a ane: eS SER RN een ATE ge expression Was 
V=z0 l a Re C'/4 Cz) evaluated pe the 
i} 

jus Re te I Aw Ce Computation o ae 


= r) -2 og -2 
Ya2 COLL RU VATA ELSE Verse = LEK o' # S) L2UEKIO UW 


(<) Y parame Ters of the Composite nefwork : 
Cyn] = Cyt] + £457 
ys 2 X/0' #4 2,650x/o UL = 2.1 xX/0' £0.7/72° 
Y= —/. 509x/0°-4/,B87K/0' UV = [60BX/0 L186.7¢° 
Uf = -LBBYKIO' 3 1.887 K/o'U = 1. BEFKIC LI/TRIF® 
47, = U2K18"'4 4 ,280X/8 U = L.287x/0" LEP SO° 


c- dellael i (1, Corxio’ Ui. 7e¥KI0) 
2g. Fo- Real £443 2 (2. xfs) (1.112 X16) — 3.008 xo" 


Bs 3,029x/0" ey in ; 
= 253 7x5" a WJ OES = castabslity 
Cdunal cul ape iK.. ity) 
Gx / wy l 2 TF7RKIO Re 
Re S37 2Y 11, 3002 
G.,=0 


Ka 2(9:4 Co V(got Ge) _ 2Ceunie Na sanio's2 747x/8") 
3.027% xf "+ 3, —$ 
Ye ye[+ Real $4 48 . 3 OBR Tae 
Keak 


= 0.2694 


P 5-5,3 2/ 


eee Mo RS) 

4 Fink I, from (5-23). Teg= V8R [R= \8x30K/0/ 4000 = 275 MA 

2. Since Ry= &,/2, Veg ere Re = VlIgRE IOS TELE? V. 

3. The transistor must be acs To diss‘ pate a ¥P= /2OmW 
Lts minimum fy Shoollk be LX. -3 MH; = je 

# Speerby Re. Since le=25/L,, 2MA, then le = 2.5 /275 73,23 
If we choose ke = = Pi (OS 9S) Then R; =. FET a ape: Y 50S. 
Re must dissipate Ke Re = 3.8 mW. Hence a Veor YE W resistor 
will be more than adegunk 

5. Find Cs. Cp = 1/602 Le) = Sf [ex 3.5x10°)* (1.5x/8)] =/379 pF 
Let Cr. = /35 pF (assume that a 30-300 pF variable cayaac)tor 
wil) be used), Then C= °C. -Cy-C 2 = 187 7-$¢-/35 = ‘sao ad 

G. Sink Cand Cp. First ERK Rie Wy L Q- = 217K 3.5x/0° KL SK/O XM. 


Rp = agers ae bu (5- 30), /> 
Cr x 5278 pesado 5 
Mex ten (Ro- e ae | 'S0(5278- 4000) inl'S 


From (5-33) Cg=NC, = 0.0225 nF. C= Fh, = 13/2 PF 
7, Rerke x So, Te =F 7 32’. ME Nam reaih eae 337.2. The closest 
standard valves are ae and 390i 3 choose 39OR To be anservartive. 
Ke must dissipate vr eX S10 =23AW. A V8 or Ve W resistor may be used. 
8. Check the power supply voltage repuirement. Veco? Vegat Ice (Ke te) 
Y= 1549 + 2,95 x07 (390 4 So) = SEF VV. To ae the 20V supply reg uirementt, 
adh a Lropping res/stor and bypass Ca Paci For (see diagram which Fe//ows) 
whose exact valve shouvll be (20 -/F.9 V)/7.75 mA SHG SF Se, 
A /#02 Va. or Yew resister will do. 


7. Specify the base bras resisTors. 
+ 20V 


Ze P5-5.3 


5-5.3 continued 


-3 
7.75 X/0 x 4000 
Choose Kg =/O(Rethe)* #4002. Vgg= Vert Lhe 23-Git Bama yee 


R, = ns aoe Ue R= 20k §2, 
_ Kk Ke 20,000K ¥¥00 _ ¥ 
the . A,- 2 ~ 20,000 - $¥% 00 = 564/2. sc Kz = 2 eae 
3.6 
Find the dissipation in RK, and Ro. FR, Carrres Roe SNe OoGFS mA 


Tg = 225 MA/5O = 0.155 mA, 
R, Carries Le = Le, tLe = 0.778 mA. The power hi'ssippavek by K, vs 
f= 20,000 I? = /2.7 W and The power dissipated by Rz /'s 
(3.¢6)°*/ S600 = 22mW. Hence Ve Wor V¢W resistors can be used for b074. 
/0. As a point of jaterest we can compute W, = to), Ce Ro = GO. Note that 
a choice of Le >4S5 nA woul& have loweved Cy avi Qe - 
11. Speci Fy the capacrTors. | 
Choose Ce to make <<(Re = S08 | Been ee se 


) 


WCB 
/ -9 
then Ca = Su, = OTRO Of Ls, UseinCa=.0. Opa Ai 
Ce can be Somewhat smaller 5 Oo. 0033 AF cajll proba bh work . 


fa. Speci Fy the Fe So that wl => ao = 20.2. The minimum 
Valve /s 0.97/86 pH 3 use (pH. og 
The compleve ercu't ss sketchek below, 
+20V 
tO fv 
OD04¢7 bones 
th F re, h a 
ee 
TSL, 4524 
-0033KF 
(312 pF 
oe Scoon = st72 Ri 
es 40002 
-9225 PF 


P5-5,4—5-8.] 23 


Sr a 

Aw The transistor must beable to sae alba seca = fooml/ 

(b) From (5-23) 1 = V8 /k, = eae see 8.16 MA. 

Roz B,/2=15 002” Vega= Teg Ro= 12.24 V. 

()le=50X/0%Hy. By (5-28), G> 1/0 (ares)? Le J]. 

At f= /MHs, C= S07 pF,and at =2MH,, Ce= 129 pF. 

Hence Cr must Yeonk a Fota/ weer nce change of 507-/A7 or 
350 pF. The 2720 pF range of Fhe 3040 300 PF Capacitor Sescri bed 
12 The problem statement /s foo smal/. 

Note: Some students 177Q attempt to calculate me 4 Sy (s- 27), 
replacing the 50 in the text with the Q.=/S0 ose in ae 
problem statement. This /s wrong because (S-22) involves She 
foadek Q of the Tank circuit ; using (SO grores The loading 
effects of KR, and& WV 2: 

(d) Let Fi and €, be the opper and lower Frequency hanuts 6€ the 

crcillator, corres ponding ie nT Ce, and Ce,. 


(és Ae y) 5 

| g 

Hence AC; halen, Aedes clea AN an  CaYS 
; “ez Re care \2 he (2am, )*%e 


= ameac. (9 72) 
Decreasin aa drill reg ute increasing L : e. Zong from / 402 MH 
unith a ACe wee ZO pF ila 


SNe eae a dy ed 


ae ts ee Ee 2) hiZeos 


J 
ave 
R Eat 
aa R Ag 78.66 kH;, ZX ine, 
Hence Cp 2 Sore 


Prats 4 (21x 498. 66X/B) C4 11,000) 4 11,008) 


From (5-43) ef + 


5 5 
2 2926.93 
Bee Gn ey. |= ater | arora) | 0,0S5¢ pF 


A¢ Te SsSonance "4 SK Hence Rs = 15 2. 
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PS-8,/ — 5-8.2 
ino continued | ss 
By (8-42), La> Bree Ca Gmreevet2iaioryexoosuxjae GOSS My 
3 
: 2 fala _ 2%292# 2/ x10" x 00S 
habe’: Sonien = (5 
OE one 


= 674 x/o* 
The Freevency dependence ot rhe ory sta/ teactance X. [eoks like tars * 
Ke 


es 
AY 


Fa fp 
VE 


Laitially fhe crystal was opera 11009 av poiat A an& provided) an inductance 
Ly to the osc/lator. When the inductor was added) in paralfe/ aut 7h e 
crystal, the reaciance presenren Fo the rest of the oscr(lafor circoit 


remained constant. ZF the frequency change was not large, rhis rpeane 
that the equivalent Parallel inductance of the inductor ank rhe 


crystal hack fo be fhe same @s the snductance of Fhe crystal ar 
pot A. 


Cry sta | Added Inductor 
Ly> Ly Bla 
Before After 


then Lg >l A. Fence the crysta/ reactance 
had to Nc fase S The crystal Dnoved fo an operating Point / ke SB 
above and the frequency creased, 


The argument canalso be ynade that the shductor and crystal 
must produce the same reactance as vhe crystal alene wth fess 


Net inductance. This also TeQUILES 407 Increaye ID Frequency, 


CHAPTER 6 25 
P6-3.1— 6-3.4 
63.1 
From Example 6-31) Ky= 2 Virad, fp =/OORHz, Kp= 200 TT tad/s/V 
Ce nC Kes Kot SO x ORTON ATR Fad |S: 
Af y =£/0##z. 
(b\ 4p =0,/RH2/V, £=/005 BH = To tBoG=/00t+0/\4 Riz 
a=@225V | ve=M 2 ONV ; @= Me = O05 ted. 
“do te" fd = O1Y ene = Oo Te 


6-3,2 
The sawfecth detector has A=2V and Awy= t Ky & max. 
From Fre Morse, Ce, max = TT trad and A= a a 


Ky = Kg Ka Ko= #-x I oC tad ya ES Cemax TT 
Awy = + 400071 rads ; Aty =* 28 He. 


6-3,3 

From Example 6-3.2, Kp, = 2007 rad/s/V, Ro =/20 H2/V. 
Triaveular phase detecTor has le wmax= 2V at & =TM172 rad, 
orkyg= 4/1 V/rad = k/Q. 

Amplifie I- hes Ka =200 with INA x, output Vi tex =T/5V. 
». The maximum Yo =tlS =LO075V. This resets in 


maximum @, =10.075 —+0,0589 rad. =+3,37° 


J 

Max AW = tVi ye. %Ko = 2000T tad/s. 
) 

Max AF = + /500 Hz. 


6-34 

From Ex,6-3.2, Ky =4/7 , Ko =200T. New Ka = 102. 

Als 0, Ly) wetted 2 6, rad/s , F=0O7 
(A) Ay = © hy Oe max = £ £.x 00x 2007 XI = £4Q000T rads 

Afiean2O KHz A os hkan 64 085 
(b) From (ee 25)) Alp = 132, F8O rad/s 
Afp =+ 5232 fz 
Note! From (6-24) the lock-in range /s 
Alo, = + /4000 rad/s or Af, =+ 2208 Hz. 


P-3,5— 6-7.2 
6-3,5 
@) Triangular phase deleclor has Ve may =O-3V al A 2b pax = IE red. 
The VCO has fp = l00MH2z, £, = (1004/5 Y) MHz. 


Ap =/5 MHz /V. 
oe — 27-ko a BOTTX/O — rads V 


Ka= te = 23 = 26 = 0,14 Vi[rad. 
= 


Ce ree 
Af y = + 5x/0° , AWy = + /0'1 rad/s. 
From(6-2), Wee Alon 2. geo! ite Spe aa AN 
ie 2, Max Silat 
©) RatK 
I= —S2. 
VA TE NET isohin itsa 
ey Vege ae tior e | 
si, Sai Vosfere glad tee Is down 3d at to = 1 
panty | at 
ES Ee {57 ie 
CVF ent? M zits | ay, ie Y= he = 0.067 V 
ler eo AOC ee = Me = a) ey 
a — 


Before ® is added, 
fs =/00#H2, fo =f =a. SMHz, Vy =O, le =O, Oe =O ,E4=E 72 
where A= a5 isthe divider eons ate Wher Ou Is introduced 
There ''s a2 momentar Cena elnfo caysin eo be char 

Lu the sleady sfale, Vf fs /s consTaat, F<, Ge, aha 

must have the same values as Popes eee 4 
chauge in Cy, must be the negeTive of Cee eee Gey 
atid A@,=—-M Cx. Ff I's unchanged. 

Tf the loop can eas changes ln && fest enough, this system 

can be used as & Ph ase Wodulato- 


6-72 
Nee = 10 X NON = radian 


CA He Tah 27 


VE a amadeel eal Re 
kcal bt 
in(t)= +575 cos wt + COS 2WTH+O,25 cds Rt MA. 

T=1.2 

£ edoire Note! The solution cau be obTained 

O fy 25 by evaluating Terms from Table 7-/ or 
50 0.375 by means Sf gtaphical convolution 
riya) /.00 Th the raphical met had the spectrum 
pone Gdas of V2) = Vz (A)e Vz (F-A) (convolution) 
190 3.344 adeeie irs, “Then the apectn 
nee ee of V;7/A) and WV (f-A) ave convolved 
1150 1,00 to obtain Ve(A) - 

[2.00 SO 

1500 0,250 

l§§o 0,375 

[700 O, 1/87 

es Ve fama OTA 
fil 3 

StfacT with The Fourie - Trausforus, me nee 
6(iw)= [Fuevetde (1), and F(t)=p¢\GGue ae @) 


a hange TESS bh et inlerration ty F = W fat Then 
Aw 2awAdf ahd (2)can be writfen 42s 
£ith= CEG) el*"™ttfF (3). [This is equation (7-é).] 
(a) LF GF)=T|S(e—-Le) +5 (+ He)| where "S"/s The 
delta function, substitution into (a) Yields 
ee el obs OS tay 
Similarly, (£ G(£)= O.5)5 (F-fe)tS (Eth) ] % substituted 
ee aoe The fesu/i st Kiel Cs Che. |)! 
6) Flt) = A cos(@tt+e)= A [er Coitot, eIeIer | 
By Zhalog from the result /y part (2), 
G(f) = asAle!?S(F-fo) + EVPS (Ft+fe)]. 
() flt)=sinwt = elvete wet eSfeiuot eiet] 


—j7/2 “i Pie JT /a 
obs 28 [5 (§-te)-8 F+#Y =05[E" “sF-&)te 5 (Feb) 


28 P7-1F 
ELet 
Le) U-(OxUy lO = [10 COS 21 x1000 X/107L + 3 cos 217 x1001xi07¢43C05 277 997 xt] 
x [so COS 2M XK1SCON DPE +AO SIN 27 X3COOXx/O7£ |} 
The spectra for \VL(A) aad Y(F-A) are shown here. 
50° nlat red view of the components hear \=*]000, 
510" | sie | With side bands at £997, + 00]. 
(Frequencies are showy in kHz 3) 


amen, f | 


g O S : 
' 25(0° V, (F-A) 250 a 
Pi oce es b Lo C d | /6L22 

ray Q IN) 9 

SN Q a q SY 

: In m 

! 7 + vi 

oral uw U- -s 

The Teble gives values of the products of varjous components as + 


(5 vatied” Only the values forthe posi Tive — fe: uelcy Terns 
are found. Amplitudes of the ‘time-domain terms are 


just double thesevalues (because eee) atc the 


@uales are the same as Those ef Th post ti. ~fiequency 
TePtrs . | . 
Product - Product Ang le Time oma tA 
Terms (kHz) Value am pli fude 
axe 400/ ISuV —F0° 30 4V 
pigeons 4.000 50 -Go° [00 
AXE 3999 eo ef Om 30 
bxe age | 37.5 OF Tesi 
Bee 2500 ORS on Se 
ji «4 249F Eig het O 
Ax LOOT} IS —FO° 30 
GeiXuie 2006 50 -F0° (00 
a* ) eae 15 (Or 30 
bx 50/ 37.5 oe 15 
bxe 500 ay os A506 
one TG. BAD, O ia 


PPS 7-3. | e7 
TAS 
Let Mlt)= §t)+ Blt) and ly (t)= 6(Ule)) 
Tile laure COSMET 3 Jaes (Wc tiny )t + C2 lee Aput_[ (mV) 
fol)= 100 coslpt + 2O cos Qu, +t (mV) 
Ue GOO Nae Tein Vea a, fay (FTSZ, 
Th Pf ston HZ pel tx OA T/C Kz. | 
Th the oulpul current the product 7érm /s ae 
Ln (E)= Ab*fE)*RE) , with b=S5KIOF, 2b=/0 © 
Bu use of graphical convelution, the values of the 
components ’h by (t) are found. 
f (kHz i, amplitude 
) o A) 


Zz 


Ce 
54/2 3 
5410 /.O 
5408 0,3 
3457 ZS 
3455 SiO 
3453 Lar 
tT ip re Me.) 
24-10 i, 2 
240% 0,3 
eye 
peo are ae difference — frequency Terns. 
453 bes 


The wave has even summe#tty about t= O, henc2 the Fourier 
ser/eés contains Cn ly osiize Termes. 


ela et > eee COS NWE | LisfePe tO Mais T. 
Un=!)/ 

B inspection, Wi eA oT L/ 

am 2 Fe) cos mut At £fA cos nwt Ae 


ana 2AX sin MTt/r 


acy AAC 

@) Spacing between specTia/ , 

ee isd ae or Age aoe At . 
= 


(b) Zero Cross (ngs Occur Pai 
ae read gh 8 BY ae 
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8 ake armel a I 
75. 
Use the relations Uz; >= (i+ Ua UF 438 +3470, 74 17 
Ue = Vi (I+ coz £,T) 


eel 
Uz = Vo (1400s 2te2t) 


es 
Set hs V2 (cos 3u,t +3cosw,t) 
and so forth, foarrive at aoa Terms (r the Sable. 


Tul 
Fauo =GMv, Vp =—3V. Bias atv Vos = —15V. 
The peak Valier Orie. vo[Tage beTtweer gale and soktce 
18 Vi = pm aot VA 
@) From (730) = FuQ Vio = Gmo x Vo at) ee 
iwc ear Ze Vel | Se 
(b) from (7.4), Trp aD pe = LS mA. 


©) At £,=5 MHz, the 2pF A 
P capaci OF tha. 
has 672 9. reactance. Let Vio ae y 
be the Voltage at fhe LO Terminal "sae eaten Futee 
Vio (rms) = le x LOO tie IA oa 
Wea oC 


Bick 


7-6.2 
For the Us (tin Fig. 7/2 b, Fy lt) in Fig 7-lac (8 given bg 


ie for Uses>Vp ) and um (t) —O for Ves < Vp - 
Viet) =a in LO rot = Ge given by (Ze3 1). 
Fagak dae gh Sse. 


Gat = ee gum Ct) 0s Ode, Where O= Las Ly: 


quis 2G (us Cos76 + (VWes- -Vp)Cos 8)/ae- 
Lite gration yields (7-35). 


_ a 3% 
-4V, Jap = IOUT, Veg =/O4V 
eae FV Meo 
From (7-31), @Q = coat [War ee /OF.5° or hPL rad 
From (7-35) Bee sion 


Gg 7 is 
rom (7-38), ea Cee ia 


anel Trp = Gaus x Ver = 2,5 MA 
(b) een Yoa=tv Z 
Q= 90° er Tz rad 
Jot = 3 mv 
Ac = sok Di GF 
Ite = 25 mA 
(Cc) Ves =-5 V, ws eda, ihe 
Q = 78, 4° apd. BT rad. 
Fim = 4.47 mw 
ones By BA Mee, 
Trep= 23.32mA 
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CAOMRPIER Ss 
PSA | ae lie 
§-/.! 
(a) 1M, = 4-28 
6) Carrier power fe =/OW= Vm ; VA= SES Vi 
Us ing (8-8), The power jn 2X79 the two side frequencies 
/'s nes (% Ma) ‘x Sa maths W 
ay. AX75 
f= me cetedt = /,AaAlDW 
(Cy PREM Sari by =. ete Ve (1 + Ma. x2) =B (I+ a) 
AXTS ee 
(d) (\) Carrier voltage (4 HMedu lated) Ae = 35,12 
(2) Feak vollage in modulated wave /s \Y.(ItMa)= F8/V 


©) With Vay= 29 VM Geeta hae voltage atl The Modulation 
peak Ls Vp. age Las La W 


(P Ph CASE 
try l(t) = 84 cos (avx5s00l)+ 2.8 sinQ@mx 785 T) 
+m] = 500 Hz Spo 1 LES 


Use (8-6) aud (8-8) To + 
WiC) 3873 GOS DONS + 5,8/ cos (uty) t + 5.8/ COS (Weave 
2 + N94 Sih (ue ty t — 1.74 sin (ee —mr}e. 
z 
be i Se ae (ud 4), alqs SCR 2 


The spectrum has /ines at 397 245) 377, 5, 400, 
400,5, and 400,755 tHz. 

(7) At some time is the two Mmeduleting waves wi/| peak 
Tee ether ga a maximum puod lating volTage 

of BF42F EVLA Vi, Ther Wea, max =LhE = O. F+ 


———— 


F- (A 

Qa) L(t) = 0 coswet + $008 (We tWry)t +4 OS(e-Upu) CMA 
lOmA at fc = 1000 ktiz 
4ymnA " fethw= 1005 kHz 
4 mA iu $f = 9975 kH2 


(tonTinuwed on nexT page) 


P$-/,2 — §-3./ 33 
8-l2 (continyed) 
@) At to. R= 0008, @.=100 = Ft = Re ULC 
Wels /O2, W,C=OIU iis & : 
At fe t%u = (005 kHz, Y= one ea (wc- wi) = 0202 145 
a Wee Aeon i ee 
AT feta = P9SKH2, a, 707, ) 1p 5° 
Vol Tage (Peak) af f. 1s 10V. 
v1 “ AS J cae PREVI AES 
() Ma for the curreyt wave is OF or 2%, 
Niaghat ‘i Vol Tage “ MVS EPO aS TZ 


Pela: 


_——_—_—_— 


EI fy we cn is decreased, Ng us /! (ncetease because 
[2-/ will be (atget al The slide frequencies. 


ists 


Assume that the citcaiT s Tyned by : 
aes C. ZT /s how resonaat ak a BL 
ty = (005 k#z. 


Le? fy =fo=l00s kHz, f= 000 kHz, £, = 975 kHz. 
Per Foie, bt yown, ) fence at fy, Wul =(0,05-2 and 
Wy C = 00,0995 ; > : 
At fuz l005 kHz, 245 (0002) = 4xID x (000 = 4+-LC°V. 
0 ae = 1000 kHz, Zea gl tay cs LOZlES y 
4 is c 
- as TTS KHz, Zp = 447/63. i Vy = /,79 [4324 
i he..& da - ti OGACMIC components ha ve. 


Uhegual anmp/y oe ands a) ina ke unegeal 
andiles With (respect fa the carrier 


The tesullanf wi l/l ex hcbir Both 
an pli tude atid phase Mody (atior- 


%-3 ( 
Modulator A. Lnput—Un= bcos apt + Vin cost +6) 
Qutpat— lo, =av;z*= ale (1 ¢cosaut)+ ava (1 + COS (Aupit+26) 


e 23 
+ av. uy [eos (Utt tlWmt +0)+ C05(“et~Yut -6) | 


VL 


(continued on rrext pag e) 


ay P8-3,/— ¥-3.5 
§-3.| (continued) 
Modulator B: TnpaT- UR = 6 cos(uetr90) ¢ Vy COS (ut +90°) 
Out put — ce = a [i+ COS (aut +18e)} +a lea [i+ COS (Allyn t + 180)| 
+a. Vulcos (wet+tuhyt 4/80) + COS(Wt-Wrut) | 
When the sideband components of lp, and lpg ate added, 
lp = 2a le Um cos(Ue&WulE [rth @=o07 
Oulu the fower sideband remaeaias. The 2nd harmonic 
and trpper side betrd Comporeuis cancel. 


age res 

Let Mod. A inpal be Ug= Ve cosWet + Yy COs Hut 

and Mod Bynpul be UB = Ve Cos (Wet +70°+B) + Van COS (mt + 90") 
The sidebatd Cult ul CcormponenTs pecome ' 

ay =a Ye Vy [cos (Uxttiyt) —- c0s (U-T-Wyt) 

Lop =~ Ale Vu [cos (ert tout +/804+QD) + cos(Wcl yt tD) | 
Upper sjdebaud corm ponents do nol comple lel¢ caricel abd 
lowel sideband putput ’s teduced 1f PHO. 


Se8.9 

Let Mod.B input be Up=V. Cos (uet 490°) + Yu COS (aut t+7O+D) 
Ther The sideband output from Med, B Is 

tog = 2M Van [C05 (unt + lpyt+/80°+D) + Cos(eT- Gut —§) | 
The resa/f ’s the seme as 1h P8-3.2. 


6—-3,4 
The mixer thput/s Up = Ve Cos (ttP) + Raley Cos (uct-Wyt) 


Assume tp =Vi* aud cousider ou lq the difference — 
Frequenc ¢ Ter y. 


lo= 2ale*Vyy, cos[urct th —(uet-Wut)) = Lae" Yu 05 (Yutt) 
Angle @ is added Toall audio frequencies. The uaveshape 


would be alfered, bul the human ear, would probably Hot 
detect the difference for small &. 


§-3..5 

Mixét oulpul would be ly=B2ale ly Cos (tm tAY)T. 

All audyso freguetic les shifted by Alo. Thrs would destrou the 
harmonic re aTrousti'ps (yn speech aud (especialla) ttsic | 


RST e SoBe. 


9-42 


@) Af, = 10/2 =/20 kHz. 
ib) fo =60OMH#e | Af, =/0 kHz 
(C) (Mg¢.2 Ate = 0 


i 
@) Af, =20kHz, Me= BE = 40 


san 
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¥-4,3 
cae FM, Me, = at with Af proportional Te Yn. 
“wy 


Th PM, AO=Mp is proportional To Uwy- 
Hence, To produce PM the ‘effective Vy “ints the FM nodula— 
for must lucrease With fiu. The audio s/: ralrutust be 


differentiated 7o make yyt & Wx Vx. Vout 
Vin 
$-4.4 A 
@) Aé=mg= SE = /00 rad. ry 


b) BY 2(AF +f ,) = (Ol hte 


Gy" NERA Oar 
id) Af= S0kHz, AO=20 rad) Bx 2(5072,5)= 105 kHz 


8-4, 5 

Modulete the FM slaneal aeneraler With anaudio 5 gnal oF 
aenpli Tudé Vim ad Freeuency Tin. Measure fu with avn 
accurate counter As Vy 15 (nh creased From zero Use 
The spec/run analyzer lo delerrunme polnls Where 
the carriér or sefeléd s/jde- frequency paits disappear 
Use ate S15 CI a Besse / Ta b fe Tp LelerPi4e SMUD - 

‘ner 7X -haee AN * Tn 


‘Genes 

Modulate the transmitter w/7h aconstant Vy, variable fy, 
Observe the oulpul 0h The specT’tum analyzer. 

As: fy (5, (11Cleased, The number of sianficant special 
fines will Fernata The same for PMY decrease for 
PME 


Fest 

Refer fo equations (8-34) and (8-36) with K=/V. 

Assume The Vol Tage /s applied oY Sg 

The Te7al power ih the wave /s P= VE /2R=O5 W 

(a2) For tipg=5, © side—Trequency pars corlain F742 of energy 
ROSE “ ue “#1007 tf 


6b) for Mp=/0 6G Z ae a 40,77 *' er 
( ) AE e 4 We “ u ae “a v4 HORA Me ne 
Besse! atmplifudes are Vzbulaled ch The rext Page. 


SON Renew Coe | Se 


§-5,/ (conTinued) 
Amplitudes of the Besse! FuncTions. 


heya) i 0 (Mp I a) 
ip Ty 79 7. ~0,2459 Use These Values /'h 
iF bedy ise fo ig fra 0, 0ABS (8-36) To obtain the 
a 0,0466 0, 2544 Rens 
ia 0, 3648 0,0 584 
ie Deael| Bey 
Je o. [310 —0,O(45 
Ts 0,01 & 4- OPS F 
1 0, 0055 OV 2F LF. 
a 0,001 5 RP 39 hohe 
Boe ol. 
(ot Palieaatyorl(ceoys 
2R 2x10 
(b) P=5W For any value of Me: 
€) for Mp=5, Humber of side-freg paits = 5 
uy ly “ = /9 


uw Mp = 20, ly “ 
4) For myp=5, B= /O kHz 
7 Map = 20, B=3& kHz 


oe fa aa 
d | - pulse 
TERT SL A Rae a ADS RE Sa thaeh 
for P&~-8.1, 6.2, atd &.3 had ee ade RHuswers, 
More sophisticated appYoachés can be found in ofher books. 
@) B= eS =) Tete 
a tH /¥? = = 

(6) DO TRY, q (ale, ts 7kte mihimum, &=€kH2 is 

eS Pulses ot Lits/s = BLK 1a Nhe pe x/oO7 

(3) The tite alerted Te each pelse /s BEN 2 

If rise aud fal/ tines for the Pulses Zre 
assutned To be LAS, Che band urdtA is 


approximate /y oe —VOWer= (Miz. 


38 P&-8.2— §-8,3 


§-8,2 
(2) Time laterval toreach pulse (5s AX2as asin P8-8.l, 
(b) Let the pulse shift wi/Thir a 4,8 5 orcad 


region, ila 4 O.aus guard band 
e 


of either side. 
T+ Si pu lee width 1s Let My the 


allowable time shift from cenrer Ay 484s —>| | 
position is ae atl7as ee ie ee 
(C\fb Ee pulse has rise and fall Times of O4 4s, 
a = (25 MAS 
s aaa AIS 
Tihiswis greater 7 au the bandwidth fare PAM 
because’ The pulse Width and rise Time are 
stmaller 


¥-§.3 

A) Bit rate 1s equa | to 
(number of channels) x (savrpling tale) x (6'ts/sample} 
= 96x 8XIO7 x & = b.I4EKIO® bi fs/s. 

ib) A possible “worst condi tion" Occurs if there ace clternaze 
pulses and Spaces. The fundamental- freguenc 
component of This s7uare wave 1's b6144x/0® _ "3 p7 my 
This represents The ideal nlaimury 
baudwidth vegetited . 
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CHAPTER 9 
ee 7 2) 

a! ra), —Uay, 

Q@) The carrier (Ku) and Side -— Frequency F& 
phasors are shown at £=0., E seen 
U(upper side freg.) aud V. U 
vi (/ower side freq, | Produce a Wr 

Wyn 


resulfakt jn phase with Ve. 
LAY > Ale an envelope defector wi // recover the 


Modulating Wave. 
A different phase of I~ relive fo the side-fiegs. 
will result (1 distortio tr. 

é) iy et ST Mes af L adds ah, ] 
Fi aro/es eS LEW ISe lite. 
oe ene The resultant phasor ue Fant] | \ 
exhibits beth phase aud a \ 
arrpli Tude rtodulatrou., 

The amplitude variatyon is at mn V. 


Frequency es pay ‘ 
U+ 


ih ae 

@) The phasor Vs relates about the Je yan 
Tip of KL at the differeuce ican =, 
freguency Um. Ve is the Ve 
resultauts Envelope delectToe 


ouT put /s % | Vel. | 
For Ve >> Vs, the output wavels hear/ 4 sinusoidal 


For Ve & Vg, The ste f appreaches The torm of a leditied 


sll7e Wave’ 
&) In the phaser diagram above lef =A+ jB. 
A=VYet+k cas Lymt ; B= 6 cen Wu t ‘ [Ve] =YA* +82]? 
ee an OA. Set is a fo Soe of Vs /lé yields 
[Vel= Ke [il +ar COS Uy CF ed atd O= lan’ |h siawWyt 


Since the entire phasol IF-R COS Wy t 


ELA pti rolates wit at, 
the desived result followé. 


See 


x 4 
_ ale 
= 
“a we! 


Yo P9-73— 7-8.2 


bo TOE, 
@) Cr=/8O pF, R=0.75, ph: 455 kHz, B= 20 kHz. 
Gy = fo/B= Aaa7s. 


From Table 3-8: aie 680uH ; Kp= l =~442f2D 


az ; 
= =n prois La = 3000 - roe 

i 7 = 1 27 Be, ~ >= a 
= Leuee SL 

ome Litical Bafa = 22744 


Since ah (/aput /tn pedattce of 20 #-2 1s desired or the 


Primary sidé, Use (3-30 | hat the Zap. 
ppsitiea should be at he Fits ipl io os a Laie. rh 
Ca / COUNT. 
(b) Let the Secon ety load resistance be R, = SKL. 
R 
ot 


FRANC tn ye I or K, = lO Bist 
©) From (9-20), C, 4 1§.42mF 


(4) Use (9-25) with Ry = 104|[504 = 83832, |2,,[= 7727-2, 
BL TAO, 773 


— 


— [D000 


G- 8.1 

The input to the product detector /s equivalent to 

Viz (t) = Vi, CoS (We-lay)t + YE cos[lict SW)t +A]. . 

The desired difference —frequency output ferm /s 

Vo (t)= Vie cos [(Wet §w)t —(We-Wu)t +P] 

=Vbe cos [lUmt50)t +P] 

@) Angle @ ts added to a/(ouf put frequency com ohents 
ge as transinisston, The ee would rof be 
attected . 

(6) All Frequencies iq the demodulated sighal shifted 
b Hz. Harmonie lelafionships weu 4 be 


42 
t Bar destroyed - 


GT-8,2 
Let 1G (t) = |b cos[ (Wet 5w)t +B], 

Vy lt) = Vy cos (WetWm)t, and Vi (= VY cos ku JE 
be the inputs fo 2_souare-law device, TF W=h=e, 
the di ttéi-ence-— Frequency Otil put com ponents Ur Sh 
be pro portional Toe 
U5 (te) = Ve Ve COST (ly -Sw)t-B)] + Vee cosl(tm +5u)t +4] 

tM COS lwo, 
(continued of HeExT pee) 


POA W923i 3 ¢/ 

9-8.2 (continued) 
The third Terty fepresents 2d-harronic distacton that 
is present i all Gases. Make Ve >>lke To minimize this. 
Q) &=0, P=o. 

The desiied oul put TSROQVA SEBS ae . 

The LP filter may Hot eliminate fhe 2dharrmonics . 
(b) Cus OC, DPF oO 

The desired oulpuf /s LVL [Cos yt -O) + 608 (yt +O] 

= A“ cos Wyt x Cos G. 
This becomes zero /£f P=T/2. 

The eulpul becomes Ke [cos (WrutS2)E + COS(4py-Sa)t | 

—two unegua | frequencies. 


7-8, 3 

This represenTs ‘prodycl detection “pf aH AM wave. 
Since the received cattlet aud is locally-lr jected One 
nay be of guite dit tererr Atn pli tydes aa, the 
resulting Mmixet—produc?l coefficienTs tay also differ 


lel cr= Ker Cos(atrswt t+Q) be the injected cartier 
ler = VeR Cos Leste tt: Ae recefved Carrier 
(2) The desired output wi// have cormporenTs pProparliona/ 
Te QUsleR Costmt and 2k er cos wut 
(b ) Components RVs lke p CosStmt and 2b ~r ces Pcos Wl 
€) CompouenTs QAUslkke COs Yul, 2M ler coSs(U4y+Sw) - 
atid 2 Vs lEzr Cos(lUm -Sase 
As iu the prewous case (P?-&,2), itis essen7a/ that 
the Jocallit-lH LyecTed Caeryer be Cxact/e Correct la 
Trequenc F To AVAld WsTerTioe, 


42 CHAPS L Re, ZO 
P/0-/L/— 10-/.3 


LO = Taf: 


The detector requires / millivolf across 40 kS2 or 25X10 W. 
This means That / millvelf also appears across the 200022 Kt /ker 
termination. The rower fost tn The terminajion /S b / mv )*/Z000 2 

or 5X10? Ww, The total power ovt of the Filter /s 

Bx/0 Oe 2EKIO" — = BSE KIO OW. An cnsertion loss of 

3.5 48 corresponds 7oa power gain of /0°7% = O¢¥67. _9 
Power input to the Filter = 5.25 %10'Y0.4467 = LITS X/O “W. 
Power inpot to the KF amplitier was already specilied as 4333 x/0W, 


LITE XIGT f . 
Gain required = /0 Log, oe SRA Ae 


10-/oe 


Consider a@ network which ntrodaces a “requency-/ndependen time 
delay of 7 seconds and which has a Constant gain of A. 

If the spot voltage to the netuerk /s Uz (t) For TF ©, ther 
the output voltage w(t) = Auvz(t- “(t-%), where L(E7) 
/s the unit step Function. In verms of Laplace transforms, 
Vay adv Us(6) 2 AU ces cee oe AASV) 
where V,(a)/s the Laplace transform of Us(#). 

The pease function Hla) /s given by 

AC) ay tame ae 

[7 (2) V/s) A 

Tp the frequency demain, H (4) = A€ 
H (jw) has a constant amplitude and a phase angle that decreases 
/inearly woith frequency. 


qo 7 


ae Caleulations : ae 
a. Power into detecfor: (/60uv)*/ 70002 Dn OA Ou A: ae 
5. Power tate fi/ter oufpet termination : (/60 BV) S700 2 = 2.657KIOW 
Clif Fah Power ouf of filter (at&) = 3. 942K/0 UW. 
4. Power into filter = 3.942410" 10 V? = 569K 10° Wh 
ec. Power available from antenna = (3-¢ V)*/3002 = 3.000 X (0. he 
Ff Reeuired gain = /O 109g CAS CO He" SULT AB. 


PIOFIRS = FOE] 


/0-43 continued 


2, Norse Fraure Calculations « 


These calcalations assume that the thermal noise contributeR by 
the filter and tts terminatina resistance /s negligible, Then He base 
requirement Secome one of achieving a /OA8 SNR at tee Filter 
input. 


a. Segna / Power present at Filter snpat =14,5679 xr Ws 
b. Maximum permiss/ble nose power at filter inpat for /0LB 
SUR = 1 56PX SOC / 10"? = L569 K/O” Wy. 


c. Maximum permiss/ble_ noise power referre® to RF amplitier 
/npat = /. 5EPXK /0°X ie tals Shea ice x/O w/e 

a. Norse power sappledk by antenna = RT/S yp 
2 £ 38x /0°* x 300x 200x/0° = 8.28 X/0 “” W. 


©. Maximum permissible internal noise (referred to RF amphfler jopu?) 
= ¢-h= 2/69K/0 7 W. 


f, Effective mput noise Temperature of amplifier 
Beet 2x 1D OL GC/ BE K/B7 7K POR ASORD | OG S° GUYS 


7. Minimum posse Flaare ae a Ae Me) JT, = (795.374 290) /290 
= 3] or 5.6746. Note that a standard 7, 


ree, L 


= 290K was used. 


SS EY 
Mhicwsa | lets Ge oe) 
(a) When f=f., then |U/U, 4,17 0.707. Hence 


| 
0.707 = and OS= 
g07ile pe ye 2/fe_ fey 
bee Oe (oe En) ; ee Fas hve 
This can be rewritten as OO = ee ye ais) 
NS Saal 
and solved for F, to yielk 
2 2 Pe 
(ge ipl iad! 7 hon Gis. og ie Fie = ¥SO4¥TETVS kHz 
os 


WOES SAN See eS Ae te Egn. (1). Some resol?s are: 


#3 


4¢ P/O-2) HO 3a 


A plt of /U/Umay/ versus bf vs 
between * ¥ RMS /ndicating that slope detection wold work with 
ths errcus? For narrow bank FM. 
(©) Tabalate valves of | /Umay| for the appropriate 
range of bf @sin Part &. 


alos? Jinear 


las Dortat| 


A plot or (Ufa les highly honinear. The da 


Tectecb signa / 
would be distorted beyond Ase. 


is ORaaee hf 


Waveforms For the limited IF signal, for Q,4n& for Q Appear 
on the next Page. 


Let % be half the If period at the center Frequency « The 
half period at the ;nstaneous Frequency 1s 744 47 The time 
that Q has a NON- ero output 1s 


ta = ZaPotr AT Villa =i fat Cee 


For the greatest positive detector ovtput Zg =O. Call the 
associated valve of AT AX yA, 


oe ey ¥5 


/O-3./ continued - 
Le LN pee ON aNd hag 
For the greatest negative derector outpul Qs on for the /ongest 
possib/e parl of one lineyctan H/enoe 147 must be adjusted fo 
MN4X1M 13 € 7 
time Q's on Tr eae 
time Qis on a me ‘ 
This expression /s max/mzek as AT» 00. Hence the detector 
would work to dc +f The RC integ rarors could integrate at That 
/ow a frequency. In practice of course They can not. 
The max/mum symmertic period limits we Pe Bee VDESE 
Corresponk to frequencies 2 


= = = \o-F. a4 

CMT Ar afo, ee Pe, > ie cal 
gues i ae 

ee ge tas 2 ath oe Se 

Theore7ica Zi the detector coul& work From f:=0 to re 
IF Signa! 
im 
Q +2 (7%+A?)—> 


Salt As) To 


tb P10-3%2 


(Ors 42 


The crreart /s sketched below, In the <9 dations Ge ae 
Cp 


) VA 
Vin 
Leci@y oa |\/ Zp be the admittance of RP, Land C, 1 parale/. 
Wey ee * Jl we, y ee UN ee mre 
Make the ee substitvtions . 
(7) #& 2 wl HG _ wo 
G aac G Wo . 
(eyred sae / oa ie, i GeCiale We G 
wWLG <— G AYE aye ie Coie” 
WEG 


Hence Yp= Gf/ + 7@o( 2 — 2) |= 67+ 4a, 6) 


R 
(/+jQo8) 


The crrcust Kiobs be Viewed @s a Vol 74g e trvide r. 


and Zp = Vue 


R 


Vone l+4Qo5 


At resonance w,GR=/ and ae = Be 


P/0-3.2 - /0-3,3 
/0-3.2 continued 


R 


eee pena 
Perec mews re! amos) tl ON [+4¢Qod 
Vien - LHR R / 


ee 


ee 


_ _Wo_ 
w /#4Q6 1 +#4Q5 d Ww 
/ 
HG Go (B ~ 2) # / 
/ a se 


Qo WwW bbe 
(yates) 1S (tel aale- a) 
- / 
/+ GeWe (/W _ We 


——e 


a)-4e 
WwW We w Ww 


Do 
Se iy pia a” NEY ae ar ee Epa (/0- 34). 
Pe ee | 


Ww Wo 
on 3:3 
This problem also rebers to Gn. (/0- 3% ), 
Be ee OTe Aes 
V/ + L/S V/+ 1/50 


Aedes feted Se 


oe = 10.7 -70.5946 MY = 0.1054 MNHs. 
ere 


The fre guenc range of nteresl /s 0105 ¢ MH 4. 


BY CIOS SY Hs. This /s epu/valent Lo 0S TGS FSI SOSH Mis 
or 0.79014 a ~ 10097. 
} 


Valves of Ao calculated from Eon. (10-34) appear on the next 
page: 


+8 P 10-3.3- 10-¢/ 


/0-3.3 tontinued 


/, 000 10.700 10.7/07 
0.999 /0.6873 10.7214 
0.798 /0.6786 /0.7321 
0.997 [0.6679 SOV 535) 

0.995 TOC ¢O5: 10.7056 
/0, 6/44 /0. 8090 
/0.6037 


These numbers May be displayed in plots of AS us for Ae vs = 


/0-3.4 
oat fo 0.7 NH. 
fo = —— ee = EE £0 42 Ms - 
(2) Tmin V7+ //Qe V7 + 1/20 i) 
(b) O = Wol,R = BL 46 


p, = L021 Mle. 10.534 Ms. 
V/ + 1/31 46 
cae / 2 3 
= 5+ ZF cos (slot)4 J cos(3wot)—..- 


= 
C= (LtR)+ cos( SE) + (L-R) cos (wt) 


VXECO = L+R == (L-R) cos*(w,t) + higher order terms. 


Z 
eosti(as,e ie ep eeconkdie ts 
‘ 2 
pe sia cra Sh aru 8p / 40s (Cue) . 
Hence VES (Hees 7 ¢ 7 (ede R)( ; y 


=(L7R)+ beak) + higher frequency Zerms. 


GHAR TE Ren] YI 


aa a 6 ae | 
Cosa a“ 
Q) C= carrier Ve 
S = Upper side Frequency | e 
Ve = ehve lope ve(Tage \2—_——. ¢ -S ——_—__ > 
Note: The ratio C/s mo LANG PS- 


should be larger thar | 
That showh ih these Figures for uUrdistorled envelope 


detection. 


6) spa L 
pper side- tegue ie Uy 
anmplifade U is as eee ae aa 
; A CG L 
Lower S.F ig L =S-K. 


They have equal, buT opposite, angles with respecT TOC 
Maximum amplitude js C +(E +k) + (= “k)= CTS. 
See AM Aes °C 2 RR = (Sk) O-S 
Peak-To —peak envelope variation is 2S asin part (a). 


Gi Bolu and L. pave 5 as 
aroplitude S. Their 
sum /jes along The @ ” 
borizental /'ne. Pr 


The Tteial resultays arrp/itude te POTD S Prax, CS min. 
Feak-To-peak envelope Ver/aTion 1s Sa 


poe; 

Use ideal op amp theory. Use summine at both inverting -) and 

noninverting (+) lrpuls. (See C.A.Holt, "Electronic Circus) p 444 
‘leq, 978)" Weite mode equatibis Re 

ai A atid B: 

Vo. 2% WEI Vr2 = Va 

Re RE RED IKA 

Vt + V2 = Vp 

Rv, Rn2 RB 

Where Ky= Rell RrollRri|| Rrz : 
and RB= Rwol/Rmll Rv2 = 

Set Ra=Rp atid Va=\e to get 


Vo=Refl Wi 2 Wwe — Vow _Vrz 
i ee + ee Gal eal 


50 P/l-S:1 —= 7 Fr63 | 


H-5.1 (continued) 
For the "LI “ampl/fier, for exarple To realize tise 


=o od, = = — 7/4 =2k phy ab: betes ye 
Ry) Zs Bais ieee Me Ratna Gee ee 7/4, Rr2z SE 


0. 
Rri||/Rra|| Ritu (pe Sage 2 Mok Let Re= Rar /2SR= Rw llRwvo ; 
ving RNO=2.04f.. (Also vote that Rro = oo.) 
Similar Ccaleulafions for the"Y" and ‘Q" circuits crield 
the diagram below. The RG, and B signal sources are 
assyimey to have 2ero rés/sfauce. 


ee 
DO Pas oat 
R, 
M bo aes 2a 
7 rd 
= G i ie a 
ak Re 
645k BS: @ 
=a AR * 


(1-6.1 
(a Ue= Ve Va [cos (4, tWg)t + cos(4z—lp)t | 
(b)Aor = ki, Vr [cos(axt + 70°+uWrt) + Cos(uzt +90 Lzt) | 
C) The input fo the demedulatér is! 

Vir = KK cos(uet+@) + Hater 

me wR aon Gentes 

For the demodulator assume Uzy= Vz% Also assume 
that K >>##i% and £ Vr so that the preducl thpvor of 


Terms (2) x(3) ull be negligible compared te the 
Products ef Terms (/)x(2) aud Ga ceceny 


(Continued eh Hext page ) 


Play S/ 

[|-é.1 Continued ) 
When 07° /s formed, the preduct of Terms U1) x(2) appears as 
aaeK “* Ve [cos (wt +Q@) Cos (at +ut) t+ 00S(4pt +B) cos (W-t-4%yt) | 
The dif ference-—fieguency cornponerts of these ptodacts 
are the desired @ pur; y+ 

Up = RK Vp [205 (P-tpt) + cos(Prupt)] 4) 

U5 ip = 2£KV" Vip cos Cvs i799 Ol (5) 


By a simi lar procedure the I otéfput can be fourrd 
oS RN, VP [cos (A-7or lot) + cos(h -Fo° +t) | 
Upr =ARKVE Vr Cos($-90°) cos to-t (b) 
Ura ZAKUEVr sla @Q cos wrt (7) 

The 70° phase difference between the @ and © 
signals ts seeh from (5) and (7). 

Note that cos (-P) could be used in (5) aud cos (Fo-) 

(A (7) withouf alteriig the values pecause CoS X = COSC-x), 
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PREFACE TO CHAPTERS 12 - 16 


The problems for chapters 12 - 16 often represent real design situations 
adapted from my personal experience. Consequently, the answers are not always simple 
and direct, and the student may have to make some basic design decisions or judgements, 
and there may be more than one "right" solution. 


For example, a quick glance may.suggest that there is no solution to a problem. 
The student must then realize that a transformer or matching network can be added to make 
the load voltage and current compatible with the transistor's ratings. Later in problems 
dealing with broadband transformers, an exact impedance match may be impossible. The 
student must then decide whether a match is good enough or whether a more complicated 
circuit configuration is needed. 


While some hints and guidelines are given, most of these design decisions re- 
quire only common-sense judgements. I hope that such problems will not only teach the 
students how power amplifiers and transmitters work, but also prepare them for the world 
of design engineering that many of them will enter shortly after completing this course. 
I do suggest, however, that the instructor advise the students of the necessity to use 
common-sense judgement and a little innovation in these problems. 
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CHAPTER 12 PROBLEMS 
P12-1.1 - 12-2.1 


12-1.1 A 25 W output requires load voltage and current to be 


Ve = = =62°50°25 = 50 V 


om 


T= SOPSO Ss 1A. 
om 


The 28 V supply voltage cannot directly accomodate the peak-to-peak output voltage swing, 
so a transformer is inserted in the collector circuit as shown. A 2 to 1 voltage reduc- 
tion by transformer 7 produces collector voltage swing of Va 50/2 = 25, hence a peak 


collector voltage UT 28 + 25 = 53 V, 28 V devices are suitable. The peak collector 
current swing is l*2 = 2 A, hence the quiescent current is also 2 A and the peak current 
1S 4 = 2+ 2 =44A. The de input power and efficiency are then 
Cymax 
‘Sai 28°2 = 56 W 
and 


it} 
$= 
on 
se 


n = 25/56 


H2= 50 '2 
O 


At full output power, P 4 = 56 - 25 = 31 W; however, a safe design will allow for Ps 
ymax 


= 56 W that occurs if the RF driving signal is lost. 


The 2:1 voltage transformation suggests that (n,m) = (2,1) or (4,2), depending 
upon the core used. - The tuned output circuit should have a @ of about 5, hence at 2 MHz, 
x, = - Xo = 50/5 = 10 2, therefore L. = 0.796 wH and ie =) f 900. Dr. 

oO 

The student should note that this practical design achieves good but not nec- 

essarily maximum efficiency for class A operation. 


lZ=2ids The circuit of Figure 12-5 is used in this problem. The turns ratio of trans- 
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former 7 can be found using the toad-voltage-and-current approach as in Problem 12-1.1. 
Load resistance can also be used; to get a 100 W output with a collector voltage swing 
Lge < 28 V requires a collector load resistance 


R < (28)?+2+100 = 3.92 2 
We then recall that R = (m/n)?R and start plugging in small integers for m and n. The 


best choice is m= 1,7 = 4, hence R# = 3.125 2; to get R closer to 3.92 2 requires con- 
siderably larger values of m and n. (Remember that 2 m + m = 6 turns must be stuffed 
through the center of the core of 7.) 


The selected value of R is now used to calculate the collector voltage and cur- 
rent and other parameters: 


¥V_of= VW 2)(3) 125) 6100) 


2o.M 


Lo er Bs 25/ Sal2o = On 
ees 2V ol ™ = 2(8)/n = 5.09 A 


et ne ay as (28) (5.09) 


142.6 W. 


Note that load voltage and current were never actually calculated. 


At peak output power, 


100/142.6 = 70.1% 


= 
I 


and 


142.6 - 100 = 42.6 W. 


Ag) 
u 


While Pay = Pa = 42.6/2 = 21.3 W at peak output, the maximum dissipation is calculated 
from (12-17), hence 


Bre i 


= 2 2 = 
ay et 205 NC O.Leo) = coun ie 


The heatsink must be capable dissipating Pasig ane 2(25.4) = 50.8 W. The transistors must 


have a collector current ratings of sh = 8 A or more and collector voltage ratings of 
sae aa 28 + 25 = 53 V. The tuned output circuit is the same as that of Problem 


CC 
Di is 


As in Problem 12-1.1, we see that the best practical design has good, but not 
necessarily maximum, efficiency. 
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1222.2 This problem illustrates the design of a complementary PA whose circuit has the 
form: 


drive and 
bias 
circuits 


First, the ac output voltage is determined from the output power (100 W) and load resis- 
tance (50 2): 


V._ = V 2(100)(50) = 100 V. 


om 


A transformerless circuit would require a peak collector voltage of 200 V, which is pre- 
sently beyond the ratings of most RF power transistors. A transformer 71 with m/n = 2 


gives Y= 100/2 = 50 V. For linear operation, V7 2 9 and V9 < Voce Since the peak- 


to-peak voltage swing must be ae = 100 V, Vo > 100 V; maximum efficiency is obtained 


C 


with minimum Voge hence nae 100 V. These voltages ee = 100 V) are consistant with 


the ratings of moden "50 V" RF power transistors. 


The output current is 


om 


ysl Vl, = 100/50.= 2 A, 


hence , eyes Ton = (m/n) ee = 4A. The dc input current in a complementary PA is the 


average of only one collector current waveform, hence 


E 


Ns T mf ™ = 4/n = 1.27 A 


and 


56 PiZ=28 20 alee co 


(Output power and load resistance can also be related to Vo through the formula in Ap- 


pendix 14 - 1.) The efficiency is n = 100/127 = 78.5% as in a push-pull Class B PA. 
The maximum dissipation is 20.3 W, determined by using (12 - 17) with We 100/2 to be 


analogous to a push-pull PA. 


The values of L. and c, are determined as in Problems 12-1.1 and 12-2.1. The 
reactance of the blocking and bypass capacitors (C, and C,) should be small in comparison 
to the collector load R = (n/m)*R = 50/4 = 12.5 2; “For x, <)12.5/10/= 1.2592, C >"ORNG3 
uF. Since these values are noncritical, standard values of Cae Cy = 0.1 uF are selected. 


1232.03 This problem demonstrates that not all PA design problems can be solved by as- 
suming a load resistance. It also forces the student to consider large-signal character- 
istics of operation. 


Diodes Di and D2 represent the bases of a subsequent higher-power PA; when un- 
biased, they present essentially open circuits to negative current drive and essentially 
Short circuits (with voltage Ys ~ 0.7V) to positive current drive. During the first half 
of each RF cycle, Di conducts positive current and produces a constant voltage Vn1 = ee 
D2 is cut-off. During the second half of each RF cycle, D2 conducts positive current and 
produces a constant voltage Ung = us D1 is cut-off. Reflection by 71 of the voltage on 


the conducting diode produces a negative voltage on the cut-off diode, hence Vn, and Vn» 
are square waves. 
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D1 


Dm 


D2 


Dm 


The collector current waveforms are 


The collector voltage waveforms similarly are 
Te: 


cc * (FP, (©) 


Power output is determined by integratina and 


Input current is the average of the collector 


Tn? and 


(6). 


%. 
De eae 
squarewaves offset by the supply voltage; 


half sinusoids; e.g., ¢,,(6) = (n/m) 


=O Ragas 7 )7e(8) 


summing the diode voltage-current products: 


Ce ae 
T 


$in.2) = y lpm * 


current waveforms, hence i A (2/1) (n/m) 


goalie. 
a: T ie = aoe 


The power dissipated in either @1 or @2 is then 
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and the efficiency is 


It is evident that the efficiency can approach as close to 100 percent as a practical 
transformer turns ratio (m/n) will allow. Note that the ratio m/n must not produce 


(n/m )V ove < a or the diodes will not be forward-biased during any part of the RF cycle. 


a a A aR 


123321 The design of power amplifiers for portable communications equipment often 
requires operation with a supply voltage that can vary considerably with the condition 
of the batteries. Since the output current in a Class B PA is controlled by the drive, 
the output is relatively insensitive to the supply voltage (unless saturation occurs). 
Nonetheless, significant variation in power consumption and dissipation can and do occur. 


The first step in designing this PA is to determine a value of & that will ac- 
comodate the required drain voltage swing at the minimum supply voltage limit. The upper 
limit on R can be determined elegantly by converting 


ANN hit R DD 
= 24P RR 2 P 
O on O 


into a quadratic in R. A suitable value of R can be determined less elegantly but more 
easily by trial and error as follows: If ee 0, then RF < (247)/(2)(16) = 18 2. Now # 


= 12.5 2 is the result of a convenient 4:1 transformer (m/n = 1/2). Assuming R = 12.5 Q, 
use ape = 2.5 2 to calculate 


ais 12a 
20:0)5 Vyee siqare ease (Vgp 2318317: 


With Yop = 24, 


ye 2 
Ts he amr 8 . 
[ick Cain aod ClaeOAn new be 


hence R = 12.52 is Qk. 


For @ = 5 at f = 27 MHz, Ix,.| = IXao! = 10, hence L, = 58.9 nH and C, = 58.9 
pF. 


Pl2-3.1 59 


dl Tl 


Qi 


| 2, = 500 
O 


Q2 


edi 


Now the drain current, input current, and drain voltage Swing are functions of 
the drain load and power output, hence are independent of Vp: 


fps V2 P/R =V2-16/12.5 = 1.6 A (peak rating) 


es s 
ee eg 1,02 4 
rea ey CY, Og 


The peak volt- 


an’ 
age rating assumes the maximum supply voltage, hence MO ieee = Vio ie - V an = 28 + 20 = 


48 V. The remaining characteristics are computed in a straightforward manner: 


The peak current rating is simply the above value (1.6 A) of I 


i, = 24 V 28 V 
P. (24)(1.02) = 24.4 W (28)(1.02) = 28.6 W 
n 16/24.4 = 0.655 16/28.56 = 0.560 
P,atP = 164N 24.4 - 16 = 8.43 28.6 - 16 = 12.56 W 
Fal, maz 4.67 W 6.35 W 
(use 12-17) 


Above occurs 


with sade 1ovee 1733. 
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The maximum dissipation per device of 6.35 W determines the required heatsink capability. 
Note the (12 - 17) would not give the maximum dissipation if 2 Vinp/™ <2ORV. = Va Oe 


12-3.2 The load factor o is convenient in determining the effects of reactive loads. 
It can be defined either at the collector or load in terms of either impedance or admit- 
tance: 


(Zari tee Zale SR 


Oe = a ——SF = 
Reel Ln Fiat (I 


RV(1/R)? + B? 1 cher) 
verifying (12 - 22). If the output current is 


t (8) = I om sin 6 = (m/n) I om Sin.0.G 


then the output voltage is 


verifying (2-21)... “Also, 


Wes (n/m) es = pF sy 


Now the input current and power are functions of ey but not functions of the 
load, hence (12 - 14) remains valid and 


Pam 
t 


V 


2 
T CC a : 


Since the output voltage produces power only in the output conductance, 


V2 2 2 2 
pio Lom. aan egies 
O ZR. 2R 2R 2 om . 


ay aL 
fait We Ai Do) eae 


and 
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2 
) Pay Yoo Maer et 7 
Pes Mes i em 
cm 
Setting this equal to zero gives 
E ; 2 Yoo 
em,max dts oR 


Substituting this into the above expressions for Pay and one yields 


2 2 2 
. So ee ee ce. | Aaeee 
et ota le a ea "Sleds gale yen 
and 
? 2 Yoo : 2 Voc 
V Sate *, k= ; 
em,max dis 2 
Too fF T O 


verifying (12 - 23) and (12 - 24), respectively. 


12-3.3 The designer has presumably produced a 100 W PA that works satisfactorily 
through the efforts associated with problem 12-2.1. The allowable load conditions must 
now be determined, along with the worst-case performance for power consumption and dis- 
Sipation requirements. 


Saturation Voltage 
The design required VY. = 25 V for P_ = 100 W into R_ = 502. With Vv PNG 
cm O O sat 
ae < 27 V for linear operation, hence operation into a 50 2 load is as predicted in the 
original design. 


Maximum Load Resistance 
As load resistance increases, Geos must increase to maintain P. = 100 W, hence 


eral el 


ae off cc 7 Vee = 27 VY determines maximum resistance: 


‘gue 2ye 
100 = 7B 
max 
R = S652 
max 
= 16 R = 58.3 2 
O,max 


With'h = A 
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“an 


Zs SUSCSi Jil A 
nah : 
Jigs Fas Lan BAA 
ae Pit on 
P; = 284.72 = 132 W 
n = 100/132 = 75.7% 


Minimum Load Resistance 


As the load resistance decreases, the load current must increase to maintain 
oe = 100 W, nence the 9 A collector current rating determines the minimum resistance: 


9° ee 
100 = 7 
R = 2c 


LL Gas sae 


Mtn 
Ty, = £9 = 5.73 A 
P, = 285.73 = 160.4 W 
n = 100/160.4 = 62.3% 
NESE Ty Chav rinte| 


Maximum Series Reactance 

An output E = 100 W requires that hee = 8 A, with or without series reactance. 
The maximum series reactance (x, or X) is therefore determined by the limit oer eelay 
for linear operation: 


ees aey, 


WR? AXES NICS 125 Je eae |g 38 


(Zico s27 


P4243, 3°2792%4.4 63 
|x| < 16 |x| = 20.42. 


Since 1 is unchanged by the inclusion of Xs performance is also unchanged (from that 
with Z, = 50 2). Stability and second-breakdown stress may, however, be affected. 


Minimum Shunt Reactance 


As a reactance shunting the load decreases, an increasing amount of current is 
diverted around the load, hence the collector current must increase to maintain P. = 100 


W. The 9 A collector current rating therefore determines X¥ . or X ,*-since = 
min O 45min O 


100 W requires Pe = 25 V with or without shunt reactance, 


se = 0.360 mho Kw 
—v 
ee 


0.360/16 = 0.0225 #& 


0.0103 “WK GSE 


J A 


| A 


M 
. 
5 
S 
4 
> 
a 
i“ 
x 7 


0 ay 
O 
The performance is the same as with R = Rin F 
A ath 
12-4.1 This is a simple circuit design problem involving providing proper dc and ac 


current paths. The bias and gate portion of the PA circuit might have the form 


The FETs can be regarded as open circuits for dc and it is a good idea to keep 
the current in R27 less than 10 percent of that in DZ, hence 
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V 
Sie eases ee 
rece TLS 3.3 RG 


R1 is adjusted initially for Vag = 2 V and then for minimum IMD. Since 


I. ie es I = 11 mA 
must be provided at Yop = 24, 
Ra-<"24/0701P = TeScks 
and we select the convenient value 
Jee pial shod aay) 
While zener diode regulation is not impaired by Vp = 28, maximum power consumption must 


be calculated for that Vp thus 


yoy 
J3280->3 49 


EV Say 1500) ea 


and 
= 28°0.0165 = 461 mW . 


Petes 
btas ,max 


Most of this is consumed in #2. 


Capacitor CZ should have a reactance considerably lower than that of resistor 
R1, hence for X,, < 330 ohms at f = 27 MHz, C1 2 17.9 pF and ¢z = 0,001 ur 4) TOO "pris 


C1 — 
selected. The ac gate impedance was not specified but can be assumed to be high; c2 
= 0.001 pF + 100 pF and arc = 20 uH (Zor = 3393 ohms) should be OK. 
12-5.1 This problem involves using ac and de circuit characteristics and 
eee right gross assumptions about transistor characteristics. First, rework 
(12 - NX) to get 
VY 
Oa (i, + ee ANUS EE tp )Ry = (g + 1)i, io 


Now for ac signals, ly is ignored and the equivalent circuit is: 
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Therefore, using the above equation and diagram 


as +7 — ° 
rn ae be [(B + 1)Rp + Re] i, 


and 
Vp 
Rop = 7_ = (B+ 1)R, + Rp 
B 
which is (12 - 28). 
The voltage gain G, is then 
Vv be Ee 
ee: 
Bik R 


(6 + 1)Rp + Hales (Bt le 


As B >», (8 + 1)/8 > 1 and R,,/8 + 0, hence 


indicating independence from variations in both g and Rp: Note that neither 8 nor Ry 


was ever assumed to be constant in the above derivations. 


12-5.2 There are many ways of accomplishing feedback in a PA besides the collector and 
emitter feedback discussed in the text. A simplified current-to-current feedback circuit 
is shown below. 


73 
- “tL 
- C1 R 
fe f 31 | YB’ " J 
‘i 
{67 Herriusgt Ma Tl t 
= : ae \ 
: ~ Pos Sih 
ap 12 ~, He = 
B1 R : 6 v 
DF ty O 
\- CC ie 
f- = ig 4p 
a "BE ABE | Tye tee 
4 ; “as B2 
“D2 + 
v ae 
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If the turns-ratio of 73 (and 74) is G, then the feedback current a is 


Since the drive current ty is determined by the driving amplifier, 


sR et Wve Be ay hae 
BCray eran en rd) eee G 


and as B > © 


hence G is the amplifier's current gain. (A similar relationship applies to the currents 
associated with @2). 


The collector voltage is 


and the decrease by Vy 4 wl & indicates a small decrease in efficiency associated with 
dumping some of the output power into the base circuit. 


The input (driving) impedance can be found from 


Pees 


i We 
= Bo 


Advantages of this feedback arrangement include: (1) no power is wasted in a 
feedback resistor, and (2) a series of current-to-current linearized amplifiers can be 
formed with minimal consideration of input-impedance variation. A disadvantage is that 
T3 and 74 may be difficult to implement in a broadband configuration or may degrade the 
broadband characteristics of 77 and 72. 


The reader should note that the connection of a tertiary winding on 71 to a 
tertiary winding on 72 can produce voltage-to-voltage linearization. 


a ree 


12-6.1 There are probably several acceptable solutions to this problem; this one ap- 
pears to be the most practical. Begin with the requirement from problem 12-2.1 that 

R = 3.125 2 at the collectors. The 16:1 transformation for push-pull operation requires 
at least three transformers (75, 76, and 77): 
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50 2 


aa 9:1 push-pull 1:4 push-pull 1:4 


A push-pull configuration similar to that of Figure 12 - 13 (c) would require 4 trans- 
formers, as would putting a 1:4 transformer at each collector and using the hybrid-balun , 
to convert 50 2 to 12.5 2 (push=pull). ~ | 


Now consider the input: The specified Ry = 1.4 Q.requires a transformation of 


50/1.4 = 35.7. Fortunately, 35.7 = 36 = 4*9 = 27+3?, suggesting a broadband configura- 
tion will be quite close. The 9:1 transformation is accomplished by 72, 73, and 74 using 
the push-pull configuration of Figure 12 - 13 (c). The 4:1 transformation is then ac- 
complished by a single transformer 77. The resultant 50.4 2 driving impedance is quite 
satisfactory and attempts to add more transformers to affect a 1 percent improvement is 
not justified. (In fact, additional transformers would probably significantly degrade 
broadband performance. ) 


The. data in Figures 12 - 12 (b), 12 - T3 (b),. and 12 - 13 (c) is now used to 
calculate the characteristic impedances of the lines: 


Z 


Transformer 0 Comment 
7 (2902. 6)" =. 25.2: 8 25 2 is close enough, 
can connect two 50 2 
T2. Pd C7312 56) S402 5 lines in parallel. 
23 (2/3) (12.6) =) 6.4a0 
TS (2)(3.125) = 6.25 2 
T6 (1)( 1225) = cl 2660 
T7 Poute Ore=nco 


Ha In a broadband design, it is especially important to keep stray reactances to a 
minimum; therefore the reactances of the capacitors should be 1 percent or less of these 
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the adjacent circuit. Thus Xo < 0.014 2 at 2 MHz, hence C1 > 5.68 uF; a parallel com- 


bination of 10 uF, 0.1 uF, 0.001 uF and 10 pF would therefore be ‘used: for. ¢2, °C2, andica. 
Similarly, Kag < 0.03125 2, hence C4 > 2.55 uF and combination of 4.7 uF, 0.05 uF, 470 


pF and 10 pF might be used for C4, C5, and C6. 


Now for 75; in Problem 12-3.3 we determined that specified performance within 
specified transistor ratings required that x, noni Bel < 20.4 Q and x, A ia Sot ae 


Since 76 acts as a balum, its effects are small in comparison to these of 75 and 77 and 
the series and shunt reactance effects can be split equally between 75 and 77 for design. 
The minimum shunt reactance of 75 is therefore 


Xy > 2(97/16) = 12.13 9 


At f = 2 MHz, 


Url one 
Ly 2 On fF = 0.965 vH. 


Noting that gia 3639 mH/(1000 turns)? = 3.639 wH/(turn)*, it is evident that n = 1 turn 


will provide adequate shunt reactance is. To keep the flux level under 3000/10 = 300 
gauss, use (12 - 24) with ane 27/V2 = 19.09 V: 


ie 19.09+10° _ 220 
F.4G-2-108-0.977Ten on” 


hence n = 1 also produces a satisfactory maximum flux. 


To evaluate the high-frequency response, first determine the length of 1 turn. 


A = 0.977 cm? Since 1.5 w = 0.977 cm,w = 0.65 cm and one 
i turn must be at least 2(1.5 + 0.65) = 4.3 
cm long; with insulation and spiral one 
turn might be as long as 5 cm. 


3.6 cm Ba Seely 


At f = 30 MHz, A} = 10 m in free-space and in a transmission-line with Ue, = 0.9 


c, A= 9m. Since 9 m/10 >> 5 cm, we expect no problem ‘th the high-frequency response. 
I would suggest using n = 3 to center transformer respo. - in the desired range of oper- 
ations. 
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12-7.1 The only trick to this problem is remembering that R is twice as large as it 
would be in a push-pull PA output transformer. Begin with the voltage V5: 


Vi = ve (m/n)V 


PAL i emia le: 


Nowsuse (12 - 37): 


Vv. = ee ~ I,)Ry + (m/n)*R ies + ay 


(Ey Rete Tk Ta Ele) 


T.. + (R/2 - 8. )T 


1) 1 h 


(R/2 +R ae 


Now it is evident that if Ry = R/2, all dependence upon I, dissappears and 


Va Poti *e 
hence 
RL 8 
ae-/.2 Be careful to notethat in Figure 12 - 15b, Pot ep Bae First, determine the 


voltage on Ry by equating the voltages across the two n-turn windings: 


or 
= Le, = Ll = 
Mee 4 (V, + V5) 5 (2; Reet, R,). 
Now the current in Ry is 
2 Rd 2 be! Ale 
2 Ry 2 Ry, 
hence 
re (2 R, + R,) edi (2 R, + R,) 


Using: (12. - 37), 
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and using the above relationship between I, and I,, 


1 2 


2 Ry + R, - 
I, \l+5 “Ss ]e-I 
1 2k +k, n 


hence 
+ + 
I faeces Fa 
+ 
vl 2 R, Ro n 
or 
a 
i a aa 
+ + ’ 
JIL n4R, R, Ro 


which is (12 - 38). 


12-7.3 Since four PAs must be combined, drive power is first split in half and then 
each half is split in half to provide four equal driving powers. Two pair of 100 W out- 
puts are similarly first combined to produce two 200 W outputs, which are then combined 
into a single 400 W output. Using the configuration of Figure 12 - 15 c for all split- 
ting and combining of power, we get the following arrangement: 


12.6159 tae5- 
25.22 ben 25 2 
bal 13 T9 [ie 
17 
drive = : 50 2 
2 = PRES T12 
T11 
64) OF —s ba } Pr 
PGES) 1225. 2 
R3 
17 619), el Ge 
50.4 2 PADD 710 
a Te 


coli " 
25: Dee Pap AS: 
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While establishing the splitting and combining network configurations, we discover that a 
double 2:1 impedance conversion is accomplished, eliminating the need for the first and 
last transformers (71 and 77) called for in Problem 12 - 6; the modified PAs then have 
12.6 and 12.5 2 input and output impedances to match those of the splitting and combining 
networks. 


In accordance with the discussions in the text and the result of Problem 12-7.1, 
the values of resisters R71, R2, and R3 are half the impedance seen by either input. 


Thus RP = A? = IZ 2 = 6.25 0 
and Rs © 25/2 = 12.5 


Inspection of Figure 12 - 15c shows that the balun transformers are subject to 
the same voltages and currents as are their respective load, hence their characteristic 
impedances are the load impedances: 


T1, T12 : 502 
73, 74, T9, T10 : 252. 


Inspection of that figure also shows that with the proper values of R17, R2, and R3 and 
equal PA input and output impedances, no current flows in the hybrid transformers the 
their characteristic impedance therefore appears indeterminant. A reasonable value can 
be selected by assuming failure of one of the two inputs or outputs (i.e., open circuit 
in place of one PA in the pair). This produces 


72, T11 : 252 
73, T4, 79, T10 : 12.52 


These values should be noncritical to normal circuit operation and the author would make 
sure the reactances of magnetizing inductances are considerably larger then the nearby 
circuit impedances. 
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a Coa a 
13-1.1 First, since Vopf = Voc - eae = 28 - 2 = 26 V, the collector load resistance 
must be 
Del kas e 
R= 5295 = 4.51 2 


Ll 


C2 


At f = 50 MHz, let Xprc > 50 R, hence RFC 2 0.72 pH. Similarly, let Xa < R/50, hence C, 
b 


2 0.035 uF. To be safe, use RFC = 1 wH and C, = 0.05 uF + 0.001 uF + 100 pF. The match- 
ing network can be designed by several methods. Using the formulas in [26] with @ = 5, 


Xo = R/Q = 4.51/5 = 0.9 2 


C 
C1 = 3529 pF 
pes hae Linea)! 4.51/50 
ce” "Ta? 1) - (RR, (52 +1) - (4.51/50) 
= 2.94.2 
c2 = 1083 pF 


QR + (R R/Xoe) 54.51 + (4.51°50/2.94) 
ge geen : 52 + 1 
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RAS 82e 1 


i =) 12.4 nH 


You may observe that CZ and C2 seem rather large and Z1 seems rather small; this illus- 
trates the dificulty of using a IIl-network (hence the classical Class C PA concept) with 
VHF PAs. 

= 28 + 26=54V. For 
75 W, and Vee 


The collector voltage swing will equal e f° hence v 
maximum efficiency, let 7z 
(12-8) produces 


Cymax 
= 15 A (the rating). Using this, rs 


Cymax 


P 79 


nae MIG Hees Oke 


Now use either (13-8) iteratively or Figure 13-2 to convert Fe into the conduction half 
angle 


y = 58.7" = 1025 radians . 


Next note that 


Using (13-3), 


Lan = 15/0.048 = 31.2 A 


Log SM = TEL ee ==. TO! F 


Using (13-4), 


ef 
DOD amet ia 
Doe cee (sin y - y cos y) = 3.2A 


-hence ae = 3.2 (28) = 89.6 W 
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and n = 75/89.6 = 83.7% . 


Note that for Na 0 with y = 58.7°, (13-7) gives i 90.2%, multipication by Vere! 
Yoo = 0.929 yields 83.7%. 


i 


13-1.2 The circuit has the same form as that of the previous problem. Inspection of 
Figure 13-2 and iteration using (13-8) produce a maximum value of ona = 0.1314 at y = 


122.6° = 2.140 radians, which implies Class AB operation for maximum output. Using the 
procedure of the previous problem, 


Ipp(t = COS 12226" us bo 
Lop = 9.75 A 

Log = 15 - 9.75 = 5.25 A 
1 io 62h7 0A 
ES 172.8 W 


Now rearrange (13-6) to determine the fundamental-frequency component of col- 
lector current 


Yom Lop 
aia = agai = a (2y SSL 2y) = 8.05 A. 
For maximum efficiency within the maximum output constraint, i: Vorp = 26 V, hence 
2 AC cere 
Roe a oom aes G23. 6 
em 
The output power is then 
V2 


hence 


n = 104.6/172.8 = 60.52% . 
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The matching network can be designed as in the previous problem, producing 


Xnq = 0.646 2 C1 = 4863 pF 
Lng = 2.49 2 C2 = 1259 pF 
Xo, = axl2'2 L1 = 97.9 nH 


The values of RFC and C, are not critical and can be the same as in Problem 13-1.1. 


13-1.3 The circuit for this problem is that of Figure 13-la. The collector waveforms 
are 


0 T eT 


First, use integration, tables, or (14-36) to obtain the fundamental-frequency 
and de components of z_(6): 


18) 
E = oir sin 
cml = © aan 4 
 Y 
Tae ~ tam * 
For maximum output and efficiency, V, = V hence 


an DD? 


me P13-1.3 


Van L— Yop = JE 
R R dnl 3: 
I ef TT Yop 
Om Coes : 
and 
V 
od, ee 
da 2s yn 
As usual, P, Yop 13, and i VE ple R, hence 
2 
2 Es : VE ple R x Sing 
TD Beak Vey erat ine y 
and 
, : 
P, Vile R sin y 


ST ee a eam 6 
2 Vop TV p/2 FB sin y cen 


In general, rectangular current produces lower efficiency but higher output 
capability than does sinusoidal current. For the PA of example 13-1.1, n = 0.85 requires 


y = 0.97 radians = 55.6° , 


obtained by iteration with the above-derived equation for n. With P = 25, n = 0.85 
implies 


eh 25/0.85 = 29.4 W, 


hence 
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i, = P Vpn = 29.4/12 = 2.45, A) . 


Using the second equation derived above, 
Beak (1/y) dg 3 7.93 A, 


hence 


Wy 
TT 


(27m )C7- S3)(Sin 55.6 y+ ent. 17 A 
and 


R= (Vip/l a7) = 12/4.17 = 2.882. 


13-2.1 The solution of this problem is a tedious but straightforward exercise in trig- 
Onometry. This method of solution can be applied to a variety of problems in which the 
transistors or FETs in a PA circuit pass through all three regions of operation during 
each RF cycle. 


To derive (13-10), use (13-9) to establish the boundary condition occuring as 


the FET enters saturation (6 = 3 7/2 - y) and then use (13-3) to eliminate Tyg’ 


rupted BEG 5 Y,) 7 ty sat '3 W217 Yo) 


[a sot Ves BSNS a2 Ho7' |) 
2 *tpp dm 8 
wpe “np sin(3 1/2 - y,) a e, 


Py = 


= + 
reas -yeteps ¥,) top Fon DD dn 


Deriving (13-11) is not as easy. First, determine the fundamental-frequency 


component I, of t(8)> using a Fourier integral similar to that in (13-5): 
2TT 


ied - : ; 
ae 2 fats sind dé 


Jt. aed aA 6] sindde 
TT 
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37 
2 
aie Prva) To San GO) SiMe ee 
T DQ DD 
ou 
2 tg 
3m 
2 
V +¥ sin @ 
2 {f2 am ] sinoae 
TT R 
On 
eke 
De g 
een ami ad 


Now Ln] is what would be produced if saturation did not occur, and can be 


obtained by dividing (13-6) by -#: 


ue 
eyes ie 
ta iegtioe. (2y - sin 2y) 


The second integral cancels the contribution of the unsaturated waveform during the sat- 
uration interval, and the third integral represents the contribution from the waveform 
during saturation. The second and third integrals can be combined prior to carrying out 


the actual integration; (13-3) is used to eliminate ek 


V. V 
iW " me a 4 ; 2 dm in2 
Lal Lan] \R Ing [onsen e2[ Ber, fo 6d 6 


V V 
yg POLS, ie : Lp reon, 
ay is + app cosy}: f sin oa = +i] [| es 20) a 
On on 
Now 
fo 6d 0 = - cos(3 1/2) + cos(3 1/2 - Yq) 


= - sin Yo 


f(a ~ cos 28) 26 = (3 1/2) - (3 2 -y,) 
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s gesin(3q) ed Sin(3on 2 Yq) 


= y+? sin 2 Y 5 


Combining the above, 


Lond si a eo sha sin 2 y) 


- 4 (Vn / RL + &..cos #h sin y 


DD s 


+ talon t Pap terse sires) 


Since iar =- L an] R, multiply the above by -R and collect all terms associated with 
ee on the left side: 
Coe we She we 
s G - | — $ 
ee F + oF Geen: Cia a fe |- Big [Tapke y - sin 2 y) 


% ; 
4 (Vpp/F,, + I, cos y) sin Y 


- ke y, + sin 2 yg) 


Division of both sides by the coefficient of V an produces (13-11). 


13-2.2 Fortunately, the author used RR = 2.12/21.2 = 0.1, and the problem can be 


solved by normalization of the values in Figure 13-3. (The reader curious about the 
three-place accuracy should realize that the author has the table from which Figure 
13-3 was plotted.) In that figure, both supply voltage and load resistance are normalized 


to Vo = R = 1.0 and the driven component of the drain current varies. In the present 


problem, the driven current is fixed and the supply voltage varies. It is therefore nec- 


essary for the normalized driven current to vary to allow for variation of the real Vop° 


Hopefully this will become clear through the use of the following table. 


Inspection of Figure 13-3 shows that maximum efficiency occurs with normalized 


: noe : i pees 
driven current Inp = 3.4 A. Since Von 29 is in the center of the range of Vin» we place 
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units 


Inn = 3.4 below Yop = 29 in the nor- 
malization table. The values of Inp 


O- wo 
S S Bo) 


corresponding to Yop = 28 and Von = 30 


are obtained by recalling from Example 


13-2.1 that I, = DEO AV het) hence Ip, 


must vary inversely with Vp in the 


Sac 


eo 
S 


I, 4.65 4.65 4.65 


a ees 19 
ae 


normalization. Appling the same rela- 


tionship produces Inn = 4.65 A, in- 


dependent of Yop? as expected. Since 


= 


the driven and quiescent currents must 
be set to provide the required output 


at the lowest supply voltage, use Inn 


eT : 
aaa ae 
> 
Ke) 
(oe) 


Fen ee 1.294 tas aS 0G 
74.5 74.1 
pee ff 7 708 3) 4.65 _ 
; 5 ee DD : 
L hey ota Decades ! 
28.6 meaty 25.2 Pee | The value of Ing is fixed in the fig- 


Vast Ve) Peer ure and the values of Ves Ns Ys Ye 


and P for each Vp are found by us- 
ing the corresponding values of Inn: 


The true output voltage is ob- 
tained by scaling; for example, 


Vil 20268 Via 2b ac Vg 
om om 


and the true output power is then P. 


Qu 


ere 3 
Q 


= Vie R. Input power is calculated 
using n, thus P; = P/N; and 13, = P;/ 


Vp: The peak drain current is deter- 


mined from Inn? ¥> and Ys using (13-13). The peak drain voltage is then determined from 
Bar tig Pi and 7 


maw D,maz’ 
5 Ne 
°D, mase 2 
tL 
max D, max 
A preferable maximum voltage rating is, of course, 2 V. = 560-0 8 AIM chee 


DD ,max 
were a real design probelm rather than a homework problem (or if Roylk did not match 


Figure 13-3), the author would write a program and obtain the required numbers through 
iteration. 
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i- 3.1 The circuit for this amplifier must provide a high impedance to harmonic com- 
ponents of the collector voltage as well as the required collector load impedance Z* = 


G 
2.5 + 0.2 2. A T&T network can have such characteristics: 


Li LéZ 


Ci O 


The reactance of RFC should be considerably greater than 2.5 ; for Xpac a cou St, APCS 
0.23 uwH. The reactance of Ce should be considerably less than 2.5 2; for X, < 0.025 2, 


Cz 2 440 pF, hence use 0.001 uF and 10 pF in parallel. 


CB 
The 7 network is designed to match R, to 2.5 2 (resistive); ZZ is then increased 


slightly to provide the 0.2 2 inductive reactance. Using [26] and assuming Q = 5 and R. 
= 50, 


B =V (A/F) - 1 = 0.548 


b2.5'3) 


i 
hy 
Q 
cay 
M 


27.4 2 


ne 
1 
on 
w 

il 


Re ANG Hoey = 11 72 oO 


We now note that 


99 Pi3-39) = 1as3.2 


x4 - Xr 4 + OR 24 S126 Je ite 


Adequate rejection of harmonic currents is expected, since X,,(at 2f = 350 MHz) 2 10 [Za 
(at f = 175 MHz). The component values are then 


D2 =a 116s 
L2 = 24.9 nH 
CL ee. O4Dr 


Findllys 1 SxOs6eu7. 


cc 7 125° Ne ana ae = 40 W imply 


P,.= 66.7 W 
t 


Tr 


ae ate Saver 


The transistor will normally be within ratings if it is specified for Paya 40 W with Yoo 

Borie 23 Vo = 37.5 V and Cahn <3 I. = 16 A. The student 
who thinks that "this is all there is" to designing a Class C mixed = mode PA will find 
out otherwise in the laboratory. 


= 12.5 V. One may expect v 


P3239 6c The circuit and relevant voltages and currents are as follows: 


The model of the FET is 
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Osecutet f 
Pais 9,\°a¢ - Vn)» active 


vp/R saturated 


(a) The computations sample operation of the amplifier at times 


on te AE *, 
where 


At = 1/Kf , 


and K is an integer (typically 100 < K < 25). It will be necessary to do computations 
for k = 1, 2, ***, WK, where W 2 10 RF cycles. Inital conditions (k = 0): 


The program steps are as follows: 


Lok suki+ 1 


GS 
Ag Tt @{k) > vy(k-1)/Ro ys then 2>(k) = vp (k-1)/R, 


rae Vaglk) 1 eis ee sin(2 7 f k At) 


5. If 4,(k) <0, then in(k) = 0 

6. Iz (k) = I (k -1)+ C5 eee | Bea - vp(k-1)] 
vie t (k) = t i(k = 1).+ (At/L,) a Atay) 

Orie, (Kimi Nk) = € (ky = a2 (8) 


s 
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O t (KDR, 


vy (k SO igs (At/C_) Fash |) 


i<e) 
< 
— 
~~ 
—s 
i 


be 
oO 
S 
S 
~ 
a 
iH} 


ll. v, (kK) = Yo Ak anid) (At/C.) t i(k - 1) 


— 
ine) 
3 

-— 
as 

~— 

Il 


v(k) rane eye = R) 


O O 


O 


13.: Lake eho GOrbOye 1 


14. Print out a waveform and/or perform integrals over the next AF cycle 
to determine Lae (average), etc., print peak voltage and current values, 


SUC. 
15.0 o10e 
‘(b) The actual programming will depend upon the facilities available. The instruc- 


tor might assign different parameters to each student and use the results from all 
students to plot a graph of the performance of this amplifier as some parameter is 
varied. 


13-4.1 A suitable circuit (from Figure 13-7d) is as follows: 


= 60 =.02!'4+.Goh 


The reactance of RFC should be considerably higher than [Z| > thus forvi... 2 100 |Z, 


RFC ~ 
= 305 2, Lone 2 0.28 vH. 


First, note 


ke 
I 
_— 
— 
N 
i] 


0.248 - gj 0.215 mho. 
Next set 


w 
iT] 


+ 0.215 mho , 


hence 
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C2 = 196 pF. 


This leaves a resistive impedance RF = 1/0.248 = 4.03 9 looking into the combination of 
C2 and Zp 


The Z network (CZ and £1) must match Ry = 50 2 to R = 4.03 2. Adapting the 
parallel-to-series conversion formula in [26] yields 


/ R2 
Z D E 
oo a 2 ee eae ial 


Xn, 28 Ry/X 07 coh 1 <a ae 


and 


hence Ci = 61.4 pF and £7 = 12.4 nH. 


Finally, since a = 7.2 dB and P. = 40 W, the driving power is 


PF 4o/10'%2/10) = 7.6 yw. 


Sun Ss ss pS ENS 


13-6.1 A square-law FET has the characteristic 


Observe that since sin26 = 4 - 4 cos 2 6, 
2 = 2 rd + 
Vag (®) (Vag ae ee Ae Vos y ) i 


gs 


- (4 ee Case 0"s 


, = aS 2 2 
t(8) 2p 2 Veal Va “: Vaai Ns + Vaal ie ) 


aa P13-6.1 


a 2 7 
+ ( 2/Vin + 2 Veg! Vi) oe sin 0 


mee 
+ ( Veale V3) COS Zoos. 


and the highest frequency component is at 2f. (It is also apparent that the carrier- 
frequency term varies linearly with By 4) 


Maximum power output and efficiency are obtained by adjusting the bias voltage 
so there is just enough quiescent current for Class A operation; therefore, set 


= + 
Veg ae Gs 


Substituting this into the previous equation yields 


3 Vee 2 Le: Lee 
t(9) wily 278 + ee sin 6 - az cos 2 0 


sie 
ie ee 
(os RY ae DO 
A 
2 V2 
en. a pea 
Dm1 Vin DO 3 de 
and 
2 
- = Tf rn eas eo al =. 
om Dm2 2 Vin DO Side 
The load resistance R is chosen to produce a drain voltage swing Vom Vp? 
hence 
2 2 
ea "Om ee om\Zpma) DD de 
OP 22 ey hae tae 2R 6 3 


and 
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87 
oy 1 
im = DA - ra = 16.7% 
Lt 
Other relevant parameters: 
a icig ¥en eae Les 
D,max de Dm1 Dmg 3 “de 
Unde Vip 
he SPE 4: 
Pe 2 gS CAI Eere I = 1/32 = 0.03125 . 
Dymax “D,masz DEE? F dn 


The circuit is that of Figure 13-la. The waveform differ as shown: 


D 
0 6 
re 
"pp 
0 tS) 
0 T oT 
V 


DD 
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13-6.2 First, use (13-3) to rewrite (13-1) in terms of to po: and y: 


Ovni Ole CD Tgp(1 - cos y) 


is 


lop pila COS y “Cj maa 


_ “COS 


Tog “T= cos y “Cymaz 


The Fourier integral can be made somewhat simpler by moving the collector current peak 
to angular time 6 = 0, thus 


Wee max 
= cosy 


(=cOShyn# COS. O)yn0 SO Soy or 2m = y SOS am 


0, otherwise 


Symmetry requires that t(8) contain only cosine components, thus if 


24 


ie Cmax 
mil - cos ¥) ° 


the component at frequency kf > f is 


Yy 
anh = & [coe y + cos 8) cos k® dé 
0 


=A {cos y J 60s k8 de +z [oostk + 1)0 dé +3 [ coste - 1)8 ae } 
_ 7). COS y Sinuky-sintke +41) sin(k - 1) 
‘ ( co 2) a) 


- af cos y sin ky , (k - 1) sin(k + 1)y + (k+1 sin(k - 1} 
¥ k 2 


P13-6.2 - 13-6.3 


= 4. COS y sin ky , kLsin(k + 1)y + sin(k - 1 
k 210 rem | 

sin(k + 1)y + sin(k - 1) 

eet toca oe 


89 


Ms _ cos y sin ky , kK sin ky cos ¥ 
at k ee 


-4 {COS y sin ky - kK sin y cos k 
k(k2 - 1) 


Substitution of A yields (13-17). Essentially the same procedure is used if the student 
elects to integrate the waveform given by (13-1). 


eee 


13-6.3 A push-pull circuit similar to that of Figure 12-5 facilitates broadband opera- 
tion by cancelling the even harmonics of the carrier frequency (in practice, the even 
harmonics are reduced by 10 to 20 dB from the levels present in an otherwise similar 
Single-ended circuit). Since BJTs are to be used, 


Varp @ Voc - ot ee Pe er ee ee es 


on = 2R Pk V 2-50+5 = 22.4 V 


Pus i= OAR A; 
om’ Oo 


om 


Since V_ <V_.., a transformer turns ratio of (m/n) = 2 is selected and VY = 11.18 V. 
em eff cm 


To determine the collector currents, consider the equivalent circuit for the 
third harmonic: 
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Harmonic currents (as opposed to transient waveforms) flow continuously from Q2 to @1 and 
are therefore transformed from 2n primary turns to m secondary turns. Therefore 


Lon, 3 = (m/2n) ES 0.447 A. 


If using the transformer is confusing, the same result can be obtained by observing that 


each. transistor must produce # P. = 2.5 W, hence 2.5=2V_ J » hence I = 0.447 A. 
O CM, GMigd cm, 8 
The ratio Lown, 3! 8c, meee js maximized with y = 120/3 = 40°. Using this in (13-17) 
yields 
isaiete at 4A ace a 
and (13-16) yields 
Lae OL / Lees 
hence 
Po iecle EF) 2 B54. W 
© de 
and 
n= 58.521 F 
The peak voltage is 
v S212"°71218 29237 189V 7% 


Cymax 


but a good design should allow for 24 V. While not part of the problem, it is interesting 
to note that if Voc were reduced to 11.18 V and vee were zero, 
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Si é 7 
Frac ~ (22.36)(2.423) = 9-0923 


13=/ 1 While this rule of thumb is not strickly correct, it is widely used to make 

quick estimates of the @ of multi-section matching networks. Needless to say, the de- 
Signer should finalize the estimates using one of the many computer-aided analysis pro- 
grams that are now available. The nonrigorous derivation of this rule of thumb can be 


obtained by setting up a chain of tuned amplifiers that do not load each other; these 
have the form 


Input 


current 
source 


To simplify things, let R = 7, L = 1/a, » and a = a. so that resonance occurs at = 1] 
and produces eee Hee Simple aeework avfa lysis then orttuces 
- 


V 


O 1 1 , 
= — = =—+- + 
eee Rg ee 
al Z 
mn) 
ole eek rrematie dr CA, 
Ww 
& dada bw: cng} 


Now replace w by 1 + Au: 


rT Slet a q (1 +dw-1+Aw) = lt q (2 Aw) 


Pa oe Yeo 2 Nas) 
1 1 


The squared amplitude transfer function of the network is then 


ey 


"apse 2 
toe te 


Peale 


Na bat 
2: uu 
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Hf 


1 = 0212 dec OL 2(2 tae ee ee? ae 
ib 2) n 


2 


Se 2 
where 


2 2S Vues adaiea fo ome TEE 
ee q. a. @ 


135-/ <2 The network has the following form: 


I 
ie 


oe eee we ee ee we we oe 


= 1,640 7,0.yor. 


The philosophy is to use GC to convert 23 into a pure resistance Re and then to use a 
4 


to-be-determined number of Z-sections ny convert an to the eee driving impedance Ry 
= 50 Q. 


‘To determine ee first convert Zn into Y 


RB? then choose oe to cancel the parallel 
conductance: 


C2 = X,/Rp = 0.78/1.64 = 0.476 


B 


= = 2 = 
R 1/G, cme + Qn) 2072 9 


4 


0.237 mho 


An = = 2 
By = By Kall + @2)/02 
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For f = 175 MHz, C_ = 216 pF. 


The seg TA0EE must now determine the number of Z-sections required to convert 
R = 2.012 2 into Ry 50 2 with @ s$ 2.5. Since minimum @ is achieved when all sections 


have the same Qs. af intermediate impedances Vi id , etc.) form a geometric progression 

( R/R =R /R , etc.). The following table is the generated with the aid of an immittance 
2 2 3 

chart: 


The a. of a section is the ratio of the reactance to the resistance at the intersection 
of the first intermediate resistance line and the 1/F, = 20 mmho conductance line (this 
can be read directly if the immittance chart includes @ lines). The network @ is then 
Q= a, nm, uSing the result of the previous problem. 


The particular problem requires three Z-sections. The values of capacitive con- 
ductance and inductive reactance are read directly from the immittance chart and then 
converted to component values at the frequency of operation (175 MHz assumed): 


B,, = 28 mmho GC -= 25.5 pF 
os 1 
Ba = 81 mmho CA Sie, Dr 
2 
Z 
B. = 237 mmho €. = 216° pr 
“ 3 
He FEA 320 9 5. = 26 ni 
L 1 
ak 
LS = OPIS pe=Te42nn 
L 2 
2 
Me B= del oo L = 2.54 nH 
L 3 


13-7.3 The quarter wavelength line (W1) is used to provide the resistive component of 
the required impedance Zh = 3.3 + g7 1.7 2; the discrete element (inductor Z1) is then used 


re ‘provide the desired Waideite component of the impedance aa 
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Problem 13-7.2 
IMMITTANCE CHART 


FORM 2192 IMPEDANCE COORDINATES — 50 OHM CHARACTERISTIC IMPEDANCE 
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\ a 
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The characteristic impedance Zz, of line WZ is chosen to convert R, = 50 2 to Z, 
thus 


Suid als 


Z AVR, Z = V 50°3.3 = 12.82. 


Since tee 1.7 0% at f = 175 MHz, L = 1.55nH. 


al: 


Inspection of Figure 3-11 shows that for Z = 12.8 2 and fae 4.8, W/H = l2. 
Since H = 0.79 mm, W = 9.5 mm, and Figure 13-12 gives E orp = 4.3. For free space, hag 
= 3-10°/175-10° = 171.4 cm, hence for the PC board, 


pop = hag! VE, op = 171.4/V4.3 = 82.67 cm. 


The physical length of Wi is then 


LZ = pop! 4 = 20.67 cm. 


The input impedance Z k of the line to a harmonic frequency kf is easily 


determined by noting that the electrical length of the line is either (a) A multiple of 
A/2 and the line is therefore an impedance repeater, hence Ste = ay .0T (b) an odd 


multiple of 4/4 and the line is therefore equivalent to a number of impedance repeaters 
k 


and one quarter-wavelength transformer, hence a 3.3 2. The impedance of L at the 


frequency is calculated and added to Z 49 thus: 
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Gp = 497 mmho = 1/2.012 2. 


The 237 mmho susceptance can be obtained at f = 465 MHz with a discrete capacitor oF = 


81.1 pF, which is a practical value. To produce 237 mmho with a 50 2 transmission line 
on this PC board would require y Z = 0.236 X, hence Z = 7.9 cm. Because this line would 
be rather long, the discrete capacitor is chosen. 


Third, use W1 with Zot 50 2 to convert Gp = 497 mmho into Vy = 20 mmho + 7 Bo 
The immittance chart is used to determine that y Ly = 0.0335 X, hence Ly = 1.12 cm. Ob- 


serve on the chart that Bi, = -90 mmho. 


Fourth, cancel the -90 mmho susceptance with a shunt capacitive susceptance. 
A discrete capacitor C; = 30.8 pF is chosen in preference to a transmission line, using 


the same reasoning as in the second step. 


The resultant network might look like this: 


5-40 pF 27-75 pF 
trimmer trimmer 


(not to scale) 
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Many designers overlook the harmonic characteristics of transmission-line net- 
works and then wonder why the performance differs from that with a discrete-element net- 
work. For example, the above network provides significantly less attenuation of the 
third and fifth harmonics than would a comparable discrete-element network. 
ee ee ee a ete ye ee fot 


13-7.4 As in this problem, the most practical design often incorporates both trans- 
mission lines and discrete elements. There are several possible approaches to this prob- 
lem; the author's approach produced two discrete capacitors and a line with a convenient 
characteristic impedance: 


Y, = 20 mytg B , 


First, determine the characteristic impedance of a practical line. Example 
13-7.2 suggests that a 50 2 is practical, since W = 2.87 mm. At 465 MHz, X 3 = 64.5 


F 


hoop = 64.5/V3.7 = 33.5 cm. 


The designer might also consider £5 10 2. Using Figure 13-11, W/H=14, hence W= 2.23 cm. 
Using Figure 13-12, Cort = 4.3, hence pop = 16.2 cm. While the length may be nicer, the 
width of a line with aan 10 2 appears excessive. A characteristic impedance of 50 2 also 
conveniently coincides with printed immittance charts. 

Second, determine Y, from Zp and use a shunt capacitive susceptance ae to cancel 


the susceptance component in Yps leaving a pure conductance Gy 


Y, = 497 - 3 237 mmho 


Bo = 237 mmho 


1 
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CHAPTER 14 PROBLEMS 
P14-2.1 


Since the student has presumably completed Chapters 12 and 13, the problems for 
Chapter 14 ask for more complete designs that include both the input and output circuitry. 
Since all Chapter 14 problems include drive and at least some "practical considerations," 
all are keyed to Section 14-2. The instructor can assign Problems 14-2.1, 14-2.2, and 
14-2.5 as homework for Section 14-1 by directing the students not to design the input/ 
drive portions of the PA. Similarly, Problems 14-2.3 and 14-2.4 can be used with Section 
14-1 by omitting input/drive design and ignoring the effects of shunt collector capaci- 
tance. The instructor might then assign the unfinished aspects of the problems in con- 
nection with Section 14-2. 


14-2.1 The circuit for this PA uses a 7 output network to provide both impedance trans- 
formation and high input impedance to harmonic frequencies: 


Voc = +48 V 


Rirst, 


+ Vow eo Y, = 48 -2= 46 V\V, 


hence using (14-5), 
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Using (14-4), 


and using (14-6) 


me oo) = 2.17 A, 
hence 
Fis 48+°2.17 = 104.3 W 
and 
n = 95.9%. 
The peak voltage is Lette) or = Vo i Vopp = 94 V, but a safe design would use 2 Yo = 96 V. 


The drive current is 


342 mA, 


Ce Zan! ® = 6.83/20 
and by using (14-16), 


Py = (2/1) (0.7) (0.342) 


152 mW. 


For n = m= 1, (14-15) yields 


Ronis MACE OST) 2 bien: 


DR 0.342 


il 
f 
pes) 
= 
(oe 
= 

iT] 
— 


a more convenient value would be obtained with n 


- (n/m)?(4/m)(0.7) _ 
Kop > oN e Gl 7 25 


Now for Xo < R/100 at 1.8 MHz, C,2 2.06 uF; therefore select a parallel com- 
B 


binationof- 2 uk,40aL uP, <and.0.00) phefor Cp. A similar arrangement will suffice for 
Ch The impedance of the 7 network should be at least 5 R at the second harmonic (3.6 
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MHz), hence 
L. 2 (10°4.29)/(2 1°3.6+10°) = 1.9 wH. 


The 7 network can be designed as in Problem 13-3.1 or by using the immittance chart. 
Using the former method with @ = 5, 


A = R(1 + Q2) = 111.54 


B=7V (4/R,) eee Tent 


A, = Q R= 21485 0 


Ainge fh DOMES) we 52 
O 


p< 
It 


A/(@ + B) = 18.26 2 


G 
1 
ZL = 1.90 wH 
1 
L = 4.91 wH 
2 
C = 4840 pF 


14-2.2 To get P. =5 Wink = R, = 50 Q, 


and 


From (14-4), 


er Fe Lom 


hence 
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A on 2/00 Fee. ‘ 
Vp = 7 een eee i a (35.1) 30.04 
and 
Bice. COM oe 
From (14-6), 
fe Wieser oh 
de Hae? e 
hence 
P, Von ‘ce = 5.24 W 
and 
ty 2 5/5e24) S195 0208. 
@ 
rp 


To ensure saturation with Tae 0.5 A requires gate voltage of magnitude 


V oem 5 L a! In =) 06 54D de = 5iV.. 


Since this voltage is to be sinusoidal, the input transformer can be part of a tuned 
circuit. 
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nor, = 5, x, Bo= XX) S200 5 at 7 = 2/7, MHz, ey 1.47 wH and ie 23570 DK. 


C 
O 


O 
Since A $6..8/0.142 = 257 2, % 
pF is chosen. 


C $ 2.57 2, hence Cp 2 0.0023'uF and Cc. = 0.01 wF + 100 
B B 


14-2.3 The requirement for operation over the entire 2 - 30 MHz range suggests the use 
of transmission-line transformers. The supply voltage Yoo will be reduced from 28 V to 


produce the desired output power. This will be accomplished by a high-efficiency class 
S modulator as discussed in Section 14-5 and Chapter 16. 


First, 


$ 28 - ey 
hence by use of (14-9) 
8 272 _ 
RS “Fey = 3.94 0 


A 16:1 transformation can be obtained with wideband transformers, hence 
R = 50/16 = 3.125 2 ; 


this requires three output transformers as shown on following page. The characteristic 
impedances of these transformers, obtained from Figure 12-13b and 12-12 are: 7: 259; 


x 
T (balun): 12.5 3 T: 6.25 2. The 2 to 30 MHz range could be covered by a set of 4 
Z 
tunable circuits (ZL, - Cc.) for the ranges 2-4, 4-8, 8-16, and 16-32 MHz. If the value of 
L, is chosen to produce @ = 5 at the low end of each band, then @ = 10 at the high end of 


O 


250 2 at 2 MHz 


each band: 


250 2 at 4 MHz 


250 2 at 8 MHz 
250 2 at 16 MHz 


The reactances of blocking capacitors Cc. Co and C should be 3.125/100 2 or 


3 
less at 2 MHz, hence C > 2.55 uF. Parallel combinatins of 10 uF, 0.1 uF, 0.001 uF, and 
10 pF should work. 


~ To get 150 W in R = 3.125 2 requires 
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GO S00 e 27 


P14-2.3 105 


os x? : 
Vopf aN fase (3.125)(150) =-24:0 V, 


hence 


The peak collector currents are 


= 155.6 W if there were no capacitance shunting the collectors. The 


= 22 = 50 V. 
eff 


hence Peo = 25 eo, 


peak collector voltage is 8 cai 


The power dissipated because of the shunt capacitance is computed using (14-19), 


hence 
30 i358 169.4 6.78 
The heatsink should therefore be capable of dissipating at least P= BP, e:P..7 49.4 
LMae O 
W. 


Since 8 = 15, the peak base current is 


Lan = Tom ® Sv9076/15;= 0.652 A. 


By use of (14-15) and (14-16), 
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que 
= 394. 953 
TMi 


or (at base) i 
and 
Di Remy eo nnG W 
01 A Re : 
A 25:1 impedance transformations would produce Ror = 25(1.953) = 48.8 2; however, such a 


transformation (Figure 12-13c) would require 5 Maree Since the driver can be 
designed to work into loads other than 50 2, it is convenient to use the three-trans former 


configuration shown to produce R DR = 31.25 2. The characteristic impedance of the lines 


are: Te: 3.91 ee Aba lun)s 7s tee: qT: T5162 fs 
5 


14-2.4 After completing the initial design of the PA for the high-efficiency marine- 

band SSB transmitter, the designer finds that either (a) Suitable transistors with a 10 
A peak rating are not available or (b) Suitable transistors with a 5 A peak rating are 

less than half the price of those with a 10 A rating. All is not lost: two 75 W PAs can 
be combined to produce the required 150 W output. Since C. for these transistors is 


exactly half that for those of Problem 14-2.4, most calculations need not be repeated. 
Since Class D PAs define their voltage outputs over the entire RF cycle, and 
Singe the voltage Vy, appearing on a is ideally zero, the power combining network can be 
included between ee transistors and the output filter. This would not be possible if 
two single-ended PAs (Class C mixed-mode or Class E) were to be combined. 
To get = = 75 W form a PA with uy ae = 24 V requires 4 = 9.78/2 = 4.89 A and 


and R = (3.125)(2). = 6.25 ohms. This is quite convenient, since the broadband power com- 
biner of Figure 12-15c has an input impedance of 25 ohms for each PA when the combined 
load is R, = 50 ohms. From Figure 12-13b, the characteristic impedance of the lines in 


De and r are 12.5 ohms and 25 ohms, respectively. Balun ro must have a line with ee 
50 ohms. To prevent interaction of PA#1 and PA#2, Ro = 12.5 0.) Bs in iroblem 124773, 
the line in Z can have oF a 25 ohms, but this is noncritical. 

2 


On the input side, we discover that the 2:1 transformation produced by the 
power splitter can be combined with a 9:1 transformation from the configuration of Figure 
12-13c to get an 18:1 transformation and Rop = 35.2 ohms, almost what we had in the pre- 
vious problem. If we set Ry = © to ensure equal division of driving current between PA#1 
and PA#2, we find that there is no current in the hybrid transformer, hence only a balun 
in needed. The characteristic impedances of the lines in the input transformers are then: 
2: S00 005 z: 5.86 $2; P_ LEUeHs ? 35.2 9:3 


eS LL 


14-2.5 This problem illustrates both an application where high efficiency is desirable 
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1) 


ae 


c#Wd 


O Rat 
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and where a current-switching Class D PA provides the right output. The -500 ohm react- 
ance is cancelled by a +500 ohm reactance from a "loading coil." Because the Q@ of that 
inductor is 100, it has a resistance of 5 ohms and produces a net load to the PA of R = 
25 ohms. (It is not uncommon to low-frequency transmitters with short antennas to con- 
sume most of the transmitter power in the loading coil.) 


We begin by checking the capability of a complementary Class D PA for this ap- 
plication: 


V2 
a Ai ELLE pee Sa AN 


oman T R mT? 25 


A transformer-coupled voltage-switching configuration similarly produces P, = 17.2 W. 
However, for a current-switching configuration, (14-13) yields 


hence that configuration is selected. Note that this is not a "broadband" application 
and conventional transformers are sufficient. 


~— ee ae oe oe oe == 


= 

500} 

| 

~_ 

Antenna I 

& | 

Grounded ioe tiga 
System 


to get ee 25 W requires lowering the supply voltage by means of a swithcing or 
series-pass regulator; rearranging (14-13) produces 
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Vorf AW °25°25 = 22.5 V 
hence 
Voc = off +V Nis 235 VS 


From (14-12), 


3 Py.o7ek lS COs W 


25/26.1 = 95.7% (for PA alone) 


= 
il 


=, 
i 


(25/26.1)(20/25) = 76.6% (including loading coil) 


Let ais = 7 Voc = 73.9 V. 


Now Xpeo 7? R, hence for Xpec = 2500 ohms at f = 200 khz, 


Lomo = 2 mH. 


Harmonic currents must not (and cannot) enter the antenna, hence a parallel-tuned circuit 
(Z-c,) is needed. For Q2 5; xX, = 25/5 = 5 2 at f = 400 kHz, hence E.* 1.99 uh} “to 


O 
tune the 200 to 400 kHz range, 0.0796 uF s C, <$ 0.318 uF. Needless to say, C, will be 
implemented with switch-selectable stepped values rather than just a "bread slicer." 


The base current must be a squarewave with peak value 


Tan = I4,/8 = 1.11/20 = 55 mA. 


Since Vv. = U.7 Vs 
* 
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Since both the driving voltage and driving currents are squarewaves, 


With np/m, = 2, Ry, = 50.9 2. 
Seen SS, Re NEC AOR CEE MR kN 


14-2.6 Designing a driver is not quite the same as designing a final power amplifier 

see Problem 12-2.3 for one example). The astute student will recognize the load of this 
driver as the high-efficiency marine SSB PA designed in Problem 14-2.3. The single-fre- 
quency output circuit here serves only to simplify the problem; a bank of tuned circuits 
could be used to cover 2 to 30 MHz. However, a driver circuit more amenable to broad- 
band operation will be designed in the next problem. 


From Problem 14-2.3, we have (for the driver) P. = 415 mW. With a 4:1 trans- 
former in the input circuit to the final amplifier, RF = (16)(1.953) = 31.25 ohms and a4 


= Zn t = 652/4 = 163 mA for the driver. Similarly, the driver's load voltage v is a 
Ssquarewave with peak amplitude vy = 4 ies =4V. 


ge 483 /| 


; | 
; ai 


Bases of tran- 
Sistors in final 
amplifier 
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Since the fundamental-frequency component of Vo must be equal to the funda- 


2 
mental-frequency component of v, and since both are squarewaves, their peak-to-peak (ac) 
amplitudes must be equal and 


Vert = 2 uog= 8 V 
hence Van = Vere + 2o¥yonoe 8 + 2(0.5) = 9 V. 
Since eas 163 mA, 
i 51.9 mA. 
One must not attempt to use a voltage regulator to produce V',, = 9 V, since that 


CC 
voltage is a function of oe of @1 and Q2 and Nap of the load. One could use a current 


regulator to provide I, = 51.9 mA. However, since Yoo is considerable smaller than the 


28 V supply and since the drive power is a small fraction of the power consumed by the 
final power amplifier, it is convenient to use a resistor to accomplish the voltage drop. 
To allow I, 2 51.9 mA, R < (28 - 9)/0.0519 = 368 ohms, hence a standard value RF = 330 


ohms is selected. This produces 


ie (28 - 9)/R = 19/330 = 57.6 mA 


lear 28(0.0576) = 1.61 W 


ooo (19)(0.0576) = 1.094 W (hence R should have a 2 W rating) 


pee tant 181 mA < 200 mA (rating) 
I. = 4. = 723 mA (hence saturation is ensured) 
om m 
_ (4 2 
i = (4) (4)(0.181) = 0.460 W 


Par tae 8 ‘a Se 55.4 mW (total, @1 and @2) 


It is interesting to note that at midband (see Problem 14-2.3) that 


Wino glidepisa in HOOL(1S9.2 4 1.61) F-93734, 


compared to 94.2% without the driver. 
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Since the load is another amplifier and not an antenna, Q@ = 3 is acceptable, 
hence at f = 10 MHz, de ae 3(31.25) = 93.7 ohms, thus Bio V4 9 un and ts 170k. 
O O 
To ensure an essentially constant V',, X, SR /100 = 3.3 ohms, hence C_, 2 0.005 uF. 
CC Cp 1 B 


The transistors should have ratings of v = 28 V or more, since that voltage 


Cmax 
can be applied to the devices if drive is removed. With 8 = 20, 


ff... = 2. /20 = 181/20 ='9205 mA. 
cm 
hence from (14-15) and (14-16), 


Pop = (2/m)(0.7)(0.009) = 4.0 mW 


Rop = (n2/m?) (4/1) (0.7/0.009) = (n2/m2) 98.42. 


Lh ries 2/3 Rop = 43.7 2; however, 98 ohms is probably more convenient for this 


power level. 


14-2.7 The previous driver design (Problem 14-2.6) made little use of the efficiency of 
Class D operation. One may wonder why one should bother with Class D operation of adriven 
In many cases, use a Class B (or A) driver results in little or no decrease in transmitter 
efficiency and some simplification of circuitry, since output (driver-to-final amplifier) 
tuning is not required. 


+ 2ONN 


Power 


Drive 
& 


: L 
Bias o 
Circuits 
v 
v 
y2 — 
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The class B driver could use either a complementary configuration (shown) or a 
push-pull configuration. The output and dc current requirements are unchanged. If the 
driving circuitry can produce the desired 181 mA output, then ie 51.9 mA, Dae 163 mA, 


and P, = 28(0.0159) = 1.45 W, hence this circuit could be slightly more efficient than the 
one of Problem 14-2.6. Since the output voltage vo iS a squarewave, the collector voltage 
vo is also a Squarewave, as in Problem 12-2.3. 


To ensure linear operation of Q7 and Q2, Vac 2-9 V. Since La. = 51.9 mA is 
determined by the driving circuitry, R = 330 ohms produces 


Voc = 28 - 330(0.0519) = 10.87 V 
P, = 0.889 W 
ESF (2/7) (4) (0.163) = 0.415 W 


Ba? Fe Py Re 289 MN. 


Regulation of the output current can be accomplished by monitoring L4 or Voc 


14-3.1 A Z-type matching network can be used to provide the collector load required for 
optimum Class E operation with the desired power output. Inductors Zand Ls, are 
1 


a 
is only for de blocking. 


physically implemented as a single inductor. Capacitor C 


4212 ¥ 


B 


RFC 


= -1=11 V. 
Verr 120="1 
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Now use (14-25) to determine 


hp 0.577(V2 = 0.577(112/25) =.2.79 0 


P 
rfl 3! 
The high-q@ assumption then produces 


Bey 0. 1830/2 ='0. 0050.0, 


hence 


Cir B/w = 201 pF (mid range of trimmer) 


and 


Ata Se 5 TRIS? A AAS h22 es 


1a 


(The empirical adjustments for finite @ given in (14-26) and (14-27) apply only to a 
Simple series-tuned circuit and may or may not be accurate for a 7 network.) 


For X pmo 2 LOOtR T= 27000. Lop 2 0.854 uH, hence Loma = 1 uwH is selected. For 


Xo < R/100, Cp 2-0.1luF. Since the factor of 100 is arbitrary, Cp =) O42 uP 7-0 001 Sule 
B 


10 pF is selected. 


The 7 network consisting of C , LZ , and L must transform 50 2 into 2.79 Q. 
ah Z 
Using the approach outlined in [26] of Chapter 13 with @ = 5. 


A = R(1 + Q2) =°2279 (1 + 52) =/72i5 


B = V(4/R,) - 1 = 0.671 
x, =F Q = 13.95 a 
1a 
x, = R, B = 33.6 2 
2 
a We, A/(Q + B) = 12.8 2 
1 
x, = x, + x, = S17 123) 
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L = 52.6 nH 
al 
EL = 103 nH 
Z 
C = 239 pF (mid-range of trimmer) 


For optimum Class E operation, 


Plies F13.00 Yoo = 42.7 V 


re 


hg Vopr ts ee ey 


ee = 2.86 Hae 6.50 A 
a. = Voc i en 27.3 W 
1 ie. Voc = 91.7% 


14-4.1 The purpose of the third-harmonic component is to flatten the collector voltage 
waveform, thereby increasing the allowable output, hence the efficiency and output capa- 
bility as well. The ratio of Vat to V4 can therefore be determined by regarding Vom Os 


constant and varying Vos to produce the minimum -peak-to-peak variation of 


. 2 ‘ ; 
v (8) Frag Vee SING TUF) isin 30. 


The first two derivatives are 


av (8) 
ae TNE Kae cos. + 3 Y m3 cos 36 
and 
a*v (8) 
Wii Ese ae sin 6 - ee Sts 0 4 


Zeros of the first derivative indicate inflection points; it is evident that 6 = 17/2 is 
an inflection point. Examination of the second derivative at that inflection point shows 
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S10 Tis 9 eae (v (8) minimum) 
d*v(6) 
002 


6 = 1/2 = 0\, eee 9 V ing (v (6) maximum) 


Setting Lees = VL will produce a zero second derivative, hence a saddle point and max- 


5) 
imum flatness in v(@). 


v (8) v (8) v (8) 
VG 
"CG 
0 ts) fs) 
0 T 2h te) T 25.0 T eT 
Von 3 Fi (1/9) Mea Wenig 5 (1/18) M m ee (2/9) lebsee 


14-4.2 By using the equations in Appendix 14-1 (which ignore RSA) the drain load re- 
Sistance must be 


8 _ 92 


KS TZ 0.250 


IA 


= 03 (i 


Since an available "standard-value" transmission line has a characteristic impedance R 
= 95 2, 


ltne 


Rie 952/50 -= 180.50. 


Since the drain load resistance is higher than the 50-ohm load impedance, it is preferable 
to feed dc at the load end of the line so that a smaller choke RFC can be used. The cir- 
cuit then has the form: 
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Ae = 50 22 
O 


For @ = 3, xX, = Xo = 50/3 = 16.6 ohms, hence for f = 121.5 MHz, L, = 21.9 nH 


O 
and Co = 78.9 pF. For Xa = Xo < 50/100 ohms, C = we > 0.0026 uF and a parallel com- 
2 


i 3 
bination of 0.005 uF, 470 pF, and 27 pF might be used. For Xpec = 50-100 ohms, Lomo = 


6.5 uwH. The line is a quarter wavelenght long, hence with a velocity of about 0.95 c, 


met > 
ltne Af 


Lt = 58.6 cm. 


The input tuned circuit is not critical and can have the same values as the output cir- 
cuit or can be designed to suit the driver. 


The effective supply voltage for a 250 mW output is found by using the formula 
in Appendix 14-1; 


Ve [7 RP, - f=] (180.5)(0.25) = 7.46 V 


The actual supply voltage Vp is found from (14-31): 


R+2k 
‘ on : PES, 7 
Vop = R off ( 180.5 (7.46) = 8.70 V. 
Since the efficiency is 
é R vi P 
Mh Ne a Ose B57 5 


on 
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P. = P_/0.857 = 292 mW 
Lt O 
and 


s 33 Ou 


dow PslVpp = 


The second-to-last column of Appendix 14-1 then gives 


tg Sate an Sh aha 105.2 mA. 
The voltage rating is 
or ee = 2 Vo = 17.4 V. 
The required peak driving voltage is 
ee = LZ al Qn = 10.52 Ne « 


14-5.1 A suitable circuit arrangement is shown below. The multivibrator is a standard 
configuration, and the current source allows for both charging and discharging of the out- 
put capacitance. 


ph 
\ 
a 

3 
, 
3 


multivibrator current source 
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First, design the multivibrator. Since 7 = 10 usec = 1/100 kHz, we must have 
(F) C, << 10 usec for rapid pull-up of the collector voltage on 972, hence 


BR << 10 usec/100 pF = 100 K, 


and we select 


Now 


Vg eV, - i = 10 0.3 - 0:7-= 9.\, 
hence the recharging collector voltage waveforms have the form 


ie 10 - 19 expl-/(R +c. )] 
Setting es a and ¢ = 7/2 to correspond to one half cycle at 100 kHz produces 
- 9.3 =- 19 expl-2/(2-R +c )] 
exp[7/(2-R +c )] * 19/9.3 = 2.04 


T/(2*R -c_) = 0.714 
ae | 


C SNe noe BOK oot og pte 
2 1 2°10*+0.714 , 


Voltage v is now a 100 kHz squarewave with levels of 0.3 and 10.0 V. Current- 


Zz 
source operation is achieved because transistors Q3 and @4 produce enough collector cur- 
rent to keep their emitter voltages VY above or below their base voltages. For example, 


the collector current of Q3 is (v,. - ete The Zener diodes ensure that either @3 or 


BS 
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24 will be cut off at any given time and also allow for lower voltage drops across the 


emitter resistors R andR. 
¥/ 8 


The current required to charge or discharge C. to + 4 V from its previous value 


twice each 10 usec is 


A standard Zener diode voltage is 6.3 V. Therefore, when @3 is on (v = 10 V), 


v =v -v = Ohms Oo3) oe. ts 


(he tas aie =3.7°- 0.7 = 3.0) V, 


EZ B 
3 3 
hence 
v 
EH 
Pi Ont Some eA 
R Sse 0.8 83/5 K 
G 
Similarly, when 94 is on, v =0.3 V, 
(2 
Vp = ny 4 Vn = 6. 04N 5 
4 7 
and 
Vp = Vz oe Wy TiO 
4 4 
hence 


R_ = (10 - 7.3)/0.0008 = 3.38 K. 
Since R_ and B determine the value of the charging current 7 if they must be either pre- 


cision- Baitied or adjustable. The values of R and # are not Steal and should be about 
6 5 
5 times the values of R and RF , here 
7 8 


Current comsumption in the multivibrator can be determined as follows: 


P14-5.1 - 14-5.2 Liza 
Z, t I = (10 - 0.3)/1000 = 9.30 mA, 


I. + I, = [10 - (+ 0.7 - 9)/2]/10* = 1.42 mA. 
Current flows in R and R only half of the time, hence 


I = 4 (0.8) = 0.40 mA, 


I. = 4 (10 - 6.6)/33.8 K = 0.05 mA. 
The total current and power consumption is 


tay 9.3 + 1.42 + 0.4 + 0.5 = 11.6 mA 


d 


P= 10 1 ie 116 mA; 
& 


note most of the power is consumed in the multivibrator. 


By-pass capacitor € should have 


a nS (Vio/T3,)/100 = 16.67 2, 


at 100 kHz, hence C. 2 9.55-107® F and we select 


eer AB 
3 


14-5.2 The purpose of this small design project is to design the modulator for the 
marine SSB transmitter of Problem 14-2.3. The pulse amplifiers will be arranged in com- 
plementary pairs for rapid switching and will use Zener diodes to interface different 
voltage levels. 


First, @Z7 and D must have ratings of at least 30 V and 6.42 A. Now for satura- 
cal 
tion.of Q7., 


27¢,/B = 6.42/15 = 428 mA. 


x kL 


(A Zener diode should not be used here to step down the voltage because the power dissipa- 


tion is excessive - 428 mW/V.) Saturation of Q7 is ensured at minimum Yoo = 26 V by 
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- V 20) = 0.9 = 0,5 


V - V 
CC (Q1) BOC GS) i Oe wet ee whe is 
il 
hence 
R = 562 


At a maximum Voc = PS) Vig 


Phin bh SO et eS 
iG)" Babe ear O 514 mA , 


hence 


P, = (30 - 0.7 - 0.5)(0.514) = 14.8 W. 


1 


(This might tempt one to use a Darlington arrangement in place of Q1 to reduce power dis- 
sipation. However, the full 14.8 W is dissipated only at the full modulator output power 
of 160 W.) 


Saturation of Q7 at maximum V = 514 mA, hence 


cc 1S ensured by allowing for z 


C 
3 


ty 2 to /8 = 514/15 = 36.1 mA , 

I 3 

hence 
120 ee Oe ike 
We choose the standard value 
BR +270 Gar, 
5 

hence 


dsr sOe Bim 95% a an 


tb 270 
3 


To span the 26 to 30 V range requires for @2 cutoff and saturated, respectively: 


GE sat D 
2 2 


Vi. <'V + Vo 2°30 =) ¥ - hence V0 417.609 
Y D 
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> 
eS 
oe) 
+ 
gS 
SS 
SS =) 
wo 
N 
4 
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i 1 Lif <a 7 oes Ke» hence , 724.37). 


A suitable choice is oats 20.2, hence D jis really two 10.1 V Zener diodes in series. 
2 


For rapid pull-up of voltage ws te should be comparable to te ; hence ¢, Should be com- 
2 


parable to z To keep the power dissipation per diode below 400 mW , 


sere 
3 


t, $§ 400 mW/10.1 V = 39.6 mA. 


b 
Zz 
Therefore with Vo = 30 V, 
UE Sad ye em One er 
i Se SOG a 9 
hence a standard value 
Ro =-750-Q 4 
4 
is chosen and 
. 30 i= Ov Ad nOsoie 
C ral TRITON 1-7, aa eS 


To ensure saturation of Gar. 


ty at f= t, 78 =*40/15 =92.67 mA; 


4 4 3 


Since this is less than the 3 mA available from the comparater (and ¢, 27, ), additional 


Stages should be needed. To span the voltage differences, 


o +0 2228 4)0078 thence Vp > ip 


3 3 


6 + Vp <$ 12 - 0.7, hence vy * 55S 


Therefore a standard value is 


P14-5.2 ba) 


oa 5 A dae 
S 
Then 
ieee Ors 1 ho Fr oso) 
fe 2.67°10>3 he ane 
hence 
R = 680 2 (a standard value) 
and 
ede Or) = (bo 33) 
se 680 = 2.94 mA 
4 
Similarly, 
Osh i+ Vy < 9, hence Up < ee en ae 
4 4 
6 - Hn. 8 0.7, hence v —>-5.3 V, 
D 
: 4 
hence 
Co FG V (standard value). 
4 
With 
Ee = 6904) .. 
Eo =) Ue), OH Usd. 
ty 680 = 2.94 mA 


The values of R ,R,R, #8, andR are noncritical and should be about 5 to 10 
2 i) 6 9 10 
times the nearby current-carring resistor, thus 


R = 330 2 
2 


ny 
i 
36) 


soe Pe 
3 
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Fis NS ee ce TA a 


Values of one C,C ,C , and C are determined empirically in the absence of Co 
4 5 6 7 
and R, data. 


b data 


The specified 80-dB attenuation in a single decade requires a four-pole (two 
L-section) filter. To get a particular roll-off characteristic, it is necessary to con- 
sult a filter design manual. If the particular roll-off characteristic is not important 
One can use two L-sections that would have z = 0.707 if they were loaded by resistances. 
From the information in the text, 


> 


= = = e/fe 4 = e =6 
V2, C =VL. C = Eee 1/27*2°10 F-96210 


Pay Ca [u/c = 167. 
Se) eee 


Thus 
CE See gata MEIC A rR ReYe Dab 
and 
Core iO eh Od O7 wee 
a vA 
The shunt capacitance of 100 pF is charged by V orf once per switching cycle, 
thus 


es ic Vopp’) Fie Kg ht Waa pr 


ai2 = 1052 ie 25/18. mW 


if 


and can therefore be ignored. The power consumed in each cycle is C Vee . Charging C5 
dissipates 4 - 4 2 5 ie issi i 

, pates 3 C, Verp and stores 3 C, verre the stored 3 C, Veff is dissipated when Cs is 
discharged. The currents required by R,> 42, and R, can also be ignored in comparison to 
t, . Since the average current is proportional to the duty ratio, 

a 


Tie (<, + ty MV/V, og) = GS oee) hie 


elt 1 
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the results are shown in the table for maximum output (V = 25 V, ae 160.5 W). 


Considerable circuit simplification is possible with FETs, since the required 
If the swithcing frequency is low enough, complementary 


FETs can be used and CMOS circuitry can be used as the driver, as shown in the circuit 
diagram below: 


14-5.3 
driving power is negligible. 


PWM 
Generator Inverters ne 
0 and 12 V 

outputs 
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For P_ = 205 W into A = 4 ohms, 
oO O 


Us Aili V 2+2.5+4 = 4.47 V 


and 


Ky 
Il 
a 
= 
a 
=) 
9 
I 
— 
—" 
DO 
> 


The "voltage drop" across ee is 


=f onewe= O501V, 


V 
on On On 


hence it is necessary that 
VO ST 208 Ue POLyaer TOL 06+ ¥., 
on 


for full output. Since this is the case, no impedance transformation is necessaary. 


Since one nS is always in series with Ro» the efficiency is 


and 


Pate Po/n =" 2. Sse Ws 


hence 


2861 3uy _ £2513: 
Tor = 0,234.5, Te S000) So NT 


if R is ignored. The peak ratings for @1 and @2 are v 


= 14 V andz =T_ 
a! D,m 
Tel 2 oA 


D,max 


With g = 0.1 mho, 


jes 


cal ip a ees 


Vv 
gs(on 


which is just right for drive from CMOS circuitry. Resistors R and Rk have values in 
af 2 


the range of 100 K and serve only to prevent any static charge build-up on the gates of 
Q1 and @2. Inverters U and U might be made from CMOS or gates. Circuit YU is the com- 


P 2 3 af 
parator circuit of a PWM generator, which might be made by biasing a CMOS gate into the 
transition region so that a slight difference between the input audio and triangular sig- 
nals would produce a high or low output. 


The highest modulation depth necessary occurs with Yop = 12 V, hence 


(V ens 
ot on” < ee oe aa CUP ie 0.419 . 


By using this number in Figure 14-15, one can determine that if. 2 6 cs will keep the fe ~ 
4 a and all other spurious products below the desired -40 dB level. Since 18 kHz is an 
ijnconveniently low frequency (Lo Cos OB and a would have inconveniently large values), 
we select ie = 50 kHz. As in example 14-5.2, 


= e436 3 = e -5 
Vi, ¢, = 1/(2n+34108) = 5.31-10 


L /C, = 16 
L = 849 uH 
O 
(oe SG: UF s 
fe) 


For X, < 4/10 ohms at f = 300 Hz (a reasonable low-frequency cutoff), C > 1326 uF, hence 


/\ 


C = 1500 uF. 


For —S-(12 V/1<.12 -A)/100- at fo % 50 kHz, C. > 29.7 uF, hence 


Cb 50 uF + 0,005 uF: 
fe 
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CHAPTER 15 PROBLEMS 


: It is usually convenient to "rough out" a chain design (or part of it) by work- 
ing from power to power gain to drive power. Figure 15-1 is used for this problem, with 
arrows used below to indicate the order of computation: 


STAGE P, W G, dB 
0 P 
FINAL Phe pe by 
DRIVER 6.25 aan ES) 
<_ 
PREDRIVER 0.991 a, 
OSCILLATOR 0.010 


At this point, it is apparent that about 20 dB more gain is needed, which can be divided 
into two stages. We how prepare a formal power, gain,and efficiency table: 


staGe | CLASS 
OSC = 


AMP #1 


AMP #2 
DRIVER 
FINAL 


From the above, 


Ps TOTAL = 54.116 W 


n = 25/54.116 = 46.2% 


ae P Vac = 54.116/12 = 4.5 A. 


P = 25W 
O 
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15-1.2 Frequency must be multiplied by a factor of (8.33 x 6 = 50), hence two fre- 
quency-multiplying stages are required. The frequency doubler should follow the fre- 
quency trippler to provide maximum reduction of harmonics in the output signal. Again, 
roughing-out the chain is a convenient way to start: 


STAGE P G 


O P 
FINAL 50 W————P 10 dB 
x2 at an ag 
x3 poets S607 Ndp 
OSCILLATOR ay yt 13 dB (Class A amp. ) 


Now prepare the formal table: 


0 0.033 
2 


| 


fecoseurts arms Ma 
i aemoe eta . 


0 


C m-m 


Py TOTAL = 94.034 W 


= 50/94 = 53.2% 


i 


aes P Vo = 7.84 A. 


1-1/3 This chain can be "roughed out" by working from both ends toward the middle 
(using Figure 15-1 to determine G): 


P Gy STAGE 

100 W = 2+50 cis Roa 5 dB C m-m 
31.6 W4———________w5.5 dB C m-m 

8.91 We=——__» 7.5 ap C m-m 


see next Sage 


PiSels3 


ae from other page 
1.58 W 


11.02 dB needed 


LS2 


125 mW ig -3 dB x2 (passive) 
250 ne ee nw, -3 dB x3 (passive) 


50 mWe——————_—__,, 10 dB A 
5 mW a sn ae OSCILLATOR 


We decide to obtain 10 of the 11.02 dB gain needed from a Class C mixed-mode state; the 
remaining 1.02 dB will be obtained by increasing the gain of a low-power Class A ampli- 


fier. The formal gain-and-power table is then: 


te cai © CLASS FREQUENCY P. ; 
MHz W W 
: 0.017 


Rae ie ee er 
awe 
eee 
[MER 
rena 


Uerigl Bee aes 

Strode ima tte aie ea eee tea tokto | re 
ES iced ieee Pitt, dal | gone: 

Estey amd 

peiecaagry 

Pe Oneal 


ideo 
¢ men 


Pina itms Je mew |. sou Th aaa einai 


166.667 


Ps TOTAL = 23932 W 
lyuerr = 100/239.2 = 41.8% 
mae es Prorat! 12 ra Oro=h 


OSC AMP#1 AMP#2 AMP#3  AMP#4 DRIVER 
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15-2.1 A square-law device has the characteristics 


Vertis te05)° = Va* t.2 7.0, 4 0.7 
O t t t 4. eb 4 


where u, and v, are the instantaneous output and input voltages, respectively, and v, is 
a dc bias voltage or circuit constant, 


(a) For frequency-doubling of an FM signal, 
v, =A sin [wt + 6(¢)]); 


where 4A is constant and 6(t) represents the phase variation due to modulation. The out- 
put signal is then 


S 
it 


ee + 2 V,A sin [wt + 6(t)] + A2 sin? [wt + 6(¢)] 


(7, +4 A2) +2 V,4 [sin wt + 6(t)] 


--$£A? cos [2 wt-+-2 0(t)J. 


The phase variation in the double-frequency component of vo is 2 6(t), twice that [6(t)] 


in the input signal. The modulation index and frequency deviation are therefore also 
doubled, since the modulating frequency is unchanged. 


(b) For mixing, 
o. = ANsin fort? OCE)] +2 Sif ot 
L at 1 2 2 
The output is then 
» = ¥.2+2 V7. A sin [wt + 6(4)) + 24.4 sinwt 
O Lt L 1 1 t b) 2 
¥A,? sin® [w,¢ + 6(¢)] 
+A A sin [wt +t 0(t)] sinwt+A? sin? wt 
aL Z il 2 2 Zz 


= (v.2 +44 244 A,7) +2V.A sinelo t+ 6(t)] +27. A sinuwt 
oe Was 1 fg re 2 
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Pit A A COS Tio = @ Jere Ore) | 
a 2 if #2 


-44 A cos [(w tw )t + 0(t)] 
a Z 1 2 
-} A? cos[2 we + 2 e(t)] - 4 aye cosi2 wt 


It is evident that the phase variation, hence frequency deviation and modulation index 
of the signals of frequency Bh and w + W are the same as those of the input signal. 


_  —————_eow5V0v0 rnin ey 


15-2.2 The circuit of Figure 15-4 is applicable to this problem; remember that we are 
designing only the coupling network in this problem and not the entire oscillator circuit. 
This problem requires attention to the discussion in the text and recognizing approxi- 
mately equal values of capacitance. 


A convenient "quiescent" diode voltage is VeeSO ie od Vinee hence (15-2) pro- 
duces : 
C 
ie ly _ 150 PF - 61.9 pF 
ee) 6° 


From the requirements, 


To prevent loading of the crystal but allow (possibly) for grounding the "low" 
Sides of the crystal and diode, set 


Cy ya sgl0” DE 
A 
Go 270, GING. 
hence 4 
Co er LOSE 
a 
and 
GAS eee GONE 
Riel /bls2 el oe : 


Now rearrange (15-5) and i f : : ; gee : 
ge ( ) and insert values o oS Co Cy oe Owe and Af/f 


2 
tp 2 * Gy)" Sone 
Lo ee CicGate 4 
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2 (12.62) (61.2 


i PatGa ere 02 Oe Onl? J, 


hence 
| Av, = 0.187 bay = 1.82 V, 


To check the approximations and to estimate the linearity, determine the res- 


Onant frequency for maximum and minimum v(t) 

Vn» V Conc pF Cy AD fg Cy C. V¢,/o.. gy f Af, Hz 
6 - 1.12 = 4.88 67.902 8.716 12.716 0.0398746 1.0000149 52.000777 res 
6 61.237 8.596 12.596 0.0398734 1.0000000 52.0 0 
Seteiete = 7.12 BO .215 8.490 12.490 0.0398723 0.9999865 51.999298 -702 


: ; ee lites i ae ‘ 
Distortion = 77a 909 5.07%. 


which is acceptable for speech communications. From the above table, it appears that 
the actual voltage deviation for a 1 kHz frequency deviation must be. 


Av. = (2°1000)/(777 + 702) = 1.51 V. 


Nonetheless, the equation given are useful for a rough design. 


The chokes must have a relatively low impedance to AF signals and a relatively 
high impedance to RF signals, thus 


Xpec << Xoo at f = 3 kHz 
Xpec oe Xie at f = 1.44 MHz ; 


the second condition is more important, since it affects operation of the oscillator. 
For Xeec = 10 Xoo = 180.6 kn at f = 1.44 MHz, 


L = 20 mH. 


RFC 


At f = 3 kHz, this produces xX = 376 Q = Xpyo/ 2304. 


RFC 


15-2.3 Set (by design) the "quiescent" or zero-signal phase shift eB = -20° so that 
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exceeding A9 = + 10° does not abruptly produce clipping of the modulating signal. Sim- 
ilarly, set the quiescent input voltage at / aia -6 V so that g a 6°10-"* (i.e., the 


FET is similar to a 1.67 kQ resistor when there is no AF input signal). Therefore, R, 
= 470 2 (not critical) and ne 0.005*uF so that ees 470 Os 


By rearrangement of (15-9), 


where 


me ogates 
we 
Substitution of 6 = - = -20° produces 


xz = 0.176 
hence 
Cx 2162. 00pr. 


Now we calculate the true performance of the circuit from (15-9) by remember- 
ing that I Fg is assumed to be proportional to Ve 


6 (desired) 6 (actual) 


-10.06° 
-20° 
229.6" 


The ‘deviation from linearity is no more then 4% (0.4° in 10°) which is roughly equivalent 
to -28 dB. This is acceptable for speech communication. Full +10° phase deviation re- 
quires a +3 V peak time-integrated audio signal. 


The assumptions used in the analysis in the text require that R, >> Lia 
hence let = 


R. = 10 kQ 


GQ 
I 


B 0.001 uF for Xap << Re 


Deec = 2 mH for Xpec L: 


“Ceara plans. d 
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15-2.4 A suitable circuit arrangement uses controlled current sources to recharge the 
timing capacitors in the multivibrator: 


current 
sources 


astable 
multi- 
vibrator 


Since both charging currents are the same, the symmetry of the output signal squarewave 
is preserved. Since recharging time is proportional to the recharging current, this 
circuit actually modulates the period of the signal, rather than the frequency. However, 
for small variations AZ in the period 7, 


ae ae 
Tseng chs te AL yes 


and linear frequency modulation is therefore possible (the deviation from linearity is 
directly proportional to the frequency deviation; thus a 10 percent frequency deviation 
has a 10 percent deviation from linearity, etc.). 


Disadvantages: The frequency stability of this circuit is not very high, and 
its use is limited to relatively low frequencies (less than 10 MHz) with current tech- 
nology. 

Advantages: A very large Af/f is attainable, and the circuit is quite simple. 
Linearity and instability problems can be overcome with AFC and/or FMFB. 


15-3.1 (a) The squarewave-modulated carrier waveform is 
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/ sur ea NI 
OE UWA 


As for sinusoidal modulation, 


—_— oe oe aod 


ee SERS. S 


= 2 i 
Popgp = (1 +m)? Poogp 8 4 Poogp - 
However, 
- i 2 ue 2 
Pouave = 2 (A +m)? Pap + (1 - m)? Pinal 
- i 2 


= +m 2 < 
(1 +m?) Poogp $ Pooap 


which is greater than that for sinewave modulation with the-same index. 


(b) The triangular-wave modulated signal waveform is 


v(t) 


nied nega 
ment iia ie 


7 
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As for other modulating waveforms, 


4p 


- + 2 < 
r (1 +m)? Pocap = 4 Pocap ° 


OPEP 


The signal envelope is described by 


V(t) = (1+ m_¢/T) V cap - 2 Oe ee ' 
hence 
+7 
r m 
~ OCAR ae: 2 
POAVG cr ih (4 Hg t)* dt 
mi 
fl ; tae 4 
= (1+ 3,7) Pocar <3 Pocar ° 


which is less than that for sinewave modulation with the same index. 


15-3.2 A "25 Watt" AM transmitter has a 25-Watt carrier, hence from (15-13), P pep. 


100 W. Since the power gains are specified exactly, it is a simple matter to assign 
gains and power levels to the RF stages; capability for peak envelope power must be 
allowed. 


PW G Class 
ras: et ote <a es 

Di... So ee C m-m 

10 (a oe aes dB C m-m 

1 ee C m-m 


100 mW 
a_i) ca 
10 mW 10 dB A 


The RF portion of the chain can now be drawn out and the formal gain-and-power table can 
be made with the information given in this problem. The decision to use power splitters 
and combiners is entirely arbitrary. 
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P, = 45.33 W 
t 


modulation 
transformer 


V 


P = 100 W PEP 
° 37.5 W AVG 
25 W Carrier 
12.5 W SB 


RF 
AMP#1  AMP#2 Driver 


Final Amps 


In the absence of information to the contrary, the designer should assume that 
modulation of the driver is necessary (if the final amplifier uses BJTs). The dc input 
power to the oscillator and two low-level RF amplifiers is computed as in a CW transmit- 
ter. The power input required by the driver and final amplifiers must be split into dc 


and audio-frequency components using (15-15) and (15-16); remember that P on = Eine 


P car These components are totalled separately in the gain-and-power table, and the 


latter becomes the required output power of the modulator. The total gain of the audio 
amplifier chain is 


Werte = 10 log (22.91/0.005) = 36.6 dB, 


which can be accomplished in two stages. A gain-and-power table can be prepared, as shown. 


The total power consumed by the transmitter for 100 percent amplitude modula- 
tion by a single tone is the sum of the dc input power to the low level RF stages, the 
dc input power to the AF amplifiers, and the dc input power to the driver and final RF 


amplifiers that passes through the transmitter secondary winding, hence 


- 


£,XMTR = 2.033 + 45.83 + 36.9 = 84.76 W. 


From (15-14), the average output power is 


141 
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10404 4M? , 


M 6°9€ = 


M 16°22 = (Z#dWV jy) °d = (sdwe ,euLj pue UaALup 0} samod dv) ‘a 

M €8°St = (sdwe [eulj pue 4aAlup 4¥y 0} op) “a 

| (sabeys 44 [ana,-MOL)“d 

| egroz_ | os:zt_| sooty | foro. ooor [w-w o[syeurs sy | 
eg | szit- i sat1p? fool ot | oror [uw o[sontua ay | 
eee fe i Fee Feol or | oto | v | tea sy | 
[ee a ee col - | otro |2- | 950 
Py <8 y 850, | og AVI g | oy HVC [iy «2g Fl ap reir 
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hence 

Nyurp = 44.2%. 
ee ee 
15-3.3 A "4-Watt" AM transmitter has P pep = 16 W and P AVG = 6 W for single-tone 


Sinusoidal modulation with a 1.0. Even when the maximum intended modulation index m 
= 0.9, it is a good idea to rate the components for Pe 1.0 to prevent damage if the 


audio input exceeds the desired maximum level. Since the output power of the oscillator 
is 10 mW, the total power gain of the RF chain must therefore be 


= 10 log (16/0.01) = 32.04 dB 


“0, chatn 


for peak-envelope-power output. 


(a) The 32 dB total power gain is conveniently divided into two stages as 
shown. Since the driver feed-through ratio is -35 dB and the final amplifier power 


gain is +16 dB, the feedthrough signal will be 35 + 16 = 51 dB below P PEP? hence 45 dB 


below P cap and 42 dB below the maximum Lag This level is quite satisfactory (remember 


SB. 
an IMD ratio of -30 dB is often used for linear power amplifiers), and modulation of the 
driver is unnecessary. The peak and average input power to the final RF amplifier are 
then determined, and become the required outputs of the Class S modualtor. The average 
power input to the modulator is then determined by dividing the average output power 

of the modulator by its efficiency. The total power consumpution of the transmitter is 
then the sum of the input power to the modulator and the two low-level RF stages, hence 


Ps XMIR, AVG =) 0.033... 19340 $12.55 °13 87 0 


hence 


yur, AVG. = 6/13.87 = 43.2%. 


Driver 


Final 


(b) The design approach and block diagram are similar to those for the Class 
C mixed-mode final amplifier. Since the Class D final is very efficient, we take advant- 
age of its high gain to minimize the drive power (hence drive feed-through). From the 
data in the gain-and-power table, 


Py, XMTR, AVC = 0.033. +°00533 ¥y913759= 939041 W 
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dc power 
(33.34 W PEP 
\12.5 W AVG 


25 W PEP : 
9.38 W es Class D final 


{ Class C m-m final 


AF input 


modulator 


7.5 W AV 
dc power 


G ; 
20 W Eg. Class D final 


10 W AVG } 
Class C m-m 
476.87 W PEP Final 


16 W PEP 
4 W CAR 
6 W AVG 
2 W SB 


Driver Final 


402 mW, Class C m-m final 
160 mW, Class D final 


NyMrR, AVG = 6/9.941 = 60.4%. 


Driver 


Final 


15-3.4 (a) The "quiescent" current Ing depends upon the gate-bias voltage Voge 


hold voltage Vin and the FET transconductance: 


ha 


pq = Imes > Yp) 


eae tak 


The driven component Inn of the drain current is a function of the RF driving voltage and 
is therefore constant. From (13-3), 


y = arccos(-Ip,/Ipp)5 
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equation (13-6) is then used to determine Vim as a function of y, hence of Tyg: The 
graph is based upon R= 1 and Don = ey 
om 
0.5 
“y, ge 
leat ae ec nee 
relationship 
OF25 
actual transfer curve 
0.0 
Ing 
-1.0 -0.5 0.0 
(b) “ft Res "Taand Inn = 1 to correspond to the values used in the graph, 


Rees 1 and Class B operation at peak envelope power is obtained with 
i gas etety FOS TALS 
where 6 = wt = anf _t is defined in terms of the modulating frequency ee The procedure 


given in (a) above is used to compute pk for a given 6. The harmonic components of 
V_ (8) are given by 


om 
2m 
a ea V__(8) cos ké@ dé 
Kaci om 
and 0 
21 
a! . 
by = Lf ee) sin ké dé 
0 


These integrals can be evaluated numerically by simple summations of the form 
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N 
~ AG 
nee > V,(nhe) cos(nkse) 


n=1 


or more sophisticated techniques such as Simpson's rule; the error is roughly proportional 
to 1/N. The power P, at frequency kf, is then 


With N = 1000, 


a = -5,.51-107° Db 0.257 


a = -2.70°1077 b, -4,88-107° 


1.09-10°*+ - 19.6 GB. 


VU 
— 
me) 


2 1 


(Essentially the same results were obtained with N = 10). This distortion level will 
probably be unacceptable in most applications (particularly where adjacent channel inter- 
ference is a consideration) and audio (envelope) feedback will be needed to linearize 

the amplifier. 


15-3.5 The circuit configuration is generally the same as that of Figure 15-11, with 
a pi-network used to provide the drain load resistance and gate bias supplied through 
an operational amplifier. 


* 12° 


- 12 V 
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For a 4-Watt AM signal, P pep = 20 W, hence 
as eae 
R= 3290 = 20040 
Dae = 12V 
ty mace Aempep ~ Vompep/® = 3-33 A 


Venema Dp Vonpeeia cn. 


The worst-case dissipation rating should allow for accidental setting of the carrier 
level. This amplifier should be about as efficient than a Class B linear amplifier, 
hence by doubling (12-17) to include the dissipation in both transistors of a push-pul] 
pair, 


gpa) Lae a 
tease = 2 72(3.6) 8 110W. 


Since an operating frequency was not specified, component values for the output 
circuitry cannot be determined. However, Xango >? 360 ohms and Xn << 0.036 ohms, and 
ak 2 
the reactances of the components of the pi-network can be determined. From the procedure 
used in [26] of Chapter 13 with 9g = 5, 


C 
3 
R/R., 
ANS R, Ca oS OY Fa Te La03" 4) 
4 O 
QR + Ta od 
“h, Roa rays SES EIR mee anny) 
Since Class B operation is to occur at PEP, 
Zap = Le = RS Po A aes 


this requires the RF driving voltage to be 


Vo pas pn Gabe ore? 


The carrier level is obtained by setting 


hence 


Veep => Vas RF = 4,17 V, 


Capacitor Co should have a relatively low impedance at RF and a relatively high 
impedance at AF; inductor RFC Should have a relatively high impedance at RF and a re- 


lative low impedance at AF (in comparison to the gate impedance of the FET. The opera- 
tional amplifier is assumed to have a high input impedance and unity voltage gain. The 
gate bias voltage should be obtained from a regulated supply, assumed here to be a 6.3 V 
sensor diode connected to a -12 V supply through R = 12 kg(hence les 10 mA). The car- 


3 
rier level is adjusted by variation of R , which might be a 5 ki? to 10 k& potentiometer; 
3 
this value is not critical as long as it does not load Di. Values of R and R are 


chosen to allow proper operational amplifier. 


From the discussion in the text, 


eer” 78.5% (Class B) 
om Moan = 39.3% (no AF signal) 
= 2 = 9 = ij 
“aye = “pep 52.4% (m 1, single tone). 
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CHAPTER 16 


16-1.1 When both upper- and lower-sideband SSB signals are to be produced with the 
Same carrier frequency, the expenses of a second mechanical filter can be avoided by us- 
ing selectable conversion frequencies that are harmonics of the basic oscillator fre- 
quency. 


2.730 MHz (for LSB) 
1.820 MHz (for USB) 


AF input Mechanical 0 
Double-balanced Doubled-balanced 
mixer mixer 
DSB/SC USB USB or LSB 
455 kHz carrier 455 kHz carrier Co eanZ 
452-458 kHz BW 455-458 kHz BW carrier 


By selecting either the fourth or sixth harmonic of the 455 kHz oscillator, either LSB 
or USB signals with a (supressed) carrier frequency of 5*455 kHz = 2.272 MHz can be 
produced. Capacitors C and C. are necessary with most mechnical filters to provide re- 


1 
latively high load impedances. Not shown is a switch to shut off the power to the unused 
set of frequency multipliers. 


16-1.2 Compatible SSB is still a requirement for some military communications equip- 

ment, and reduced-carrier SSB can be used to allow syncronous detection, hence preserva- 
tion of phase information and high fidelity. In theory, it would be possible to apply 

a full-carrier AM signal to a bandpass (mechanical) filter that passed one sideband and 
the carrier. However, the very sharp roll-off required makes such filters impractical. 

Therefore, CSSB and reduced-carrier SSB are usually generated by reinsertion of the car- 
rier. On the next page, Fs Rs and Re form a summing network. 


16-1.3 The frequencies 2.182 and 8.728 MHz are reserved for international-distress 
voice communications. To determine the block diagram for a distress-frequency transmit- 
ter, note the relationship between the two desired output frequencies: 


Foe = 8.728 MHz = 4 oe = 2.182 MHz = 21.091 MHz = ‘oe 


where a is a frequency that will be used internally. Now 
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Diagram for Problem 16-1.2 


Oscillator R 
455 kHz carrier level variable-amp]itude 
f/aiicarrien 
C 5 
3 
C : CSSB 
. Mechancial 
AF input ite ea 
high-impedance 
Double-balanced i amplifier 
WAT Ss DSB/SC SSB/SC R 


5 ff +37 = 5.455 + 3.273 = 8.728 MHz = f 
and 1 1 i 


5 ue - at =-5.459 = 3.273) = \2.182 MHZ = i... 


This suggests a mixing scheme in which all required frequencies are synthesized from a 
common oscillator. To obtain a lower-sideband signal on both output frequencies the 

5.455 MHz frequency should be modulated. For simplicity and economy, a phasing-type 
modulator is suggested. The correct combination of AF and RF phase shifts for an LSB out- 
put can be determined by (1) Writing (8-9) with sine functions, (2) Converting it to a 
form analogous to (8-10), and (3) Adding the form just determined to (8-10) to see which 
sideband is cancelled. 


Double-balanced Bandpass filters 
mixer i 


output 


ew ae 


8.728 
amplifiers , MHz 


pont aee H Delagameneeeera eee 5 | 
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The configuration for a discrete-band approach is similar to that of Fig- 
If the 8-8.5 MHz IF were directly translated to the 50-54 MHz range, stringent 


requirements would be placed on the bandpass filters to provide acceptable image re- 


jection. 
28-30 MHz signal to the 50-54 MHZ range. 


Therefore a second oscillator, mixer, and filter were added to translate the 
The modulator is addressed later. 


Seven sets 


of bandpass filters are required, but seventeen (17) subbands are required. 


cs 


m MHz MH 

160 
ad Pp iT SOD MTT gens 
10a 

10¢ 
off 
| 6a] s0.0-50.5 | 36.5 | 22.0 
FBO i ae eM hl pera bea ie 
PB ORS cca ls da lebaciciutaateatd 
Pree |. 52.0... 62,50 meget al 


© lo jo flor (= 
= [=p [=p |= [tw 
= |b |p 


“A 
if 


°o |O 
> |b 


1 
Z 


+ 
18 


oO |O 
=F 


PO 
ine) 
= 


DM [Po 
- |P 
SIS 


52.5 - 53,0 
eircaniinmen seine 
53,5. ~ 54.0 24, 


De) 
- 
=) 


ine) 
pe 
Orie 


(b) The broadband configuration of the all- 
band amateur transmitter is similar to that 
of Figure 16-2 and a lot less complicated 
than the discrete-band approach. If the 
1979 World Administrative Radio Conference 
allocates additional frequency ranges, the 
only changes needed are the addition of 
suitable output bandpass filters. The 
center frequency of the frequency synthe- 
sizer or variable-frequency oscillator is 
142.8 MHz, hence the +26.2 MHz tuning is 
only about 18 percent of the center fre- 
quency. 


Modulator The modulator for this all-mode 


transmitter uses (1) the filter method of 
generating SSB, (2) direct electronic 
switching for CW, (3) reinsertion of an in- 
phase carrier for AM, and (4) insertion of 
a phase-quadrature carrier (Armstrong 
method) for FM. 


16-2.1 


9 
O 


200 W 


893 mW 


25 m¥<— 


First, use Figure 15-1 to develop a rough gain-and-power chart: 


G 
Dae a ee 


ey gms a NT 


17.83 jet aaa. 13 dB 
ast be 


——> 15.5 dB 


; ae Sen a No NOES ah PE 


Since the lowest-level stage can have about 18 dB gain, its gain is increased over the 
rough estimate and the gains of the higher-power stages are decreased accordingly, pro- 


ducing the formal gain-and-power chart: 


(see next page) 
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Problem 16-1.4 (modulator) 


RF, O° carrier Brae 


level adjust keying signal 


LSB filter 


~ NC NC « 


Output 


Source 
RF AMP#1 
RF AMP#2 
Driver 


Final 


RF AMP#1 RF AMP#2 Driver Final 


From the table, 
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hence n = 200/402.46 = 49.7%. 


The first RF amplifier stage operates in Class A at a very low signal level; 
consequently, its contribution to the distortion in the transmitter output should be very 
small and can be ignored. (Such an assumption should, of course, be verified by addi- 
tional analysis). Adaptation of (16-2) produces 


i 


ES SRSGT 1 Tee 


ive 


hence 


Seed ene die 


where d, is the distortion (voltage) ratio for any of the three Class B RF stages. Note 


that the same result is obtained by adding 20 log (1/3) = -9.5 dB to the -30 dB transmit- 
ter IMD specification. 


i 


16-2.2 Four 250-Watt PAs must be combined to obtain the required 1-kW transmitter out- 
put. The power can be split and combined in two steps (using the spliters and combiners 
discussed in Section 12-7) or split and combined in a single step using the networks dis- 


cussed in [27] of Chapter 12. 


To design the chain, first rough out the gain-and-power chart by using the in- 
formation given in the problem: 


P G 
e pa Fe 
1 kW 11 dB 


—#———» 29 dB needed, hence two Class B stages. 


100 mW “*—~+___ 


Pe fi aes 20 dB 
1 mW 


Now prepare the formal gain-and-power chart: 


: 

O D 2 
ree ee 
PRE AMPH? cf 1) Bn firin  NOW TO Sudha noe a nee Ui ame a 
ELT E:T VA a Es 
ira TL: PPL ee 


From the above, 


P16-2.2 O65: 


ae Tees a 

ure = 1000/1968.3 = 50.8%. 
a bing 5 Baap ae il 
de V 28 ’ 


Power 
splitters Final 
amplifiers ay 


Use an adaptation of (16.2) to determine the ZMD requirements on each stage: 


INPUT -60 dB+d = 0.00100 
ak 
FINALS -38 dB + d = 0.01259 
OUTPUT -30 dB > d, = 0.03162 
= 0.01803 


Ct a we er me = 
2 3 4 oO 1 5 
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rs s 0.01803 
aitsidy Sedans aaa 


2 3 4 


= 0.00601 ~ -44.4 dB. 


16-3.1 Power consumption and dissipation ratings vary considerably with the type of 
Signal. For example, many commercially-made amateur transmitters were quite reliable 
for SSB and CW use at the same PEP, but would burn up if used with RTTY or FM signals of 
the same PEP. To determine the performance of this two-stage transmitter, prepare a 
power output, efficiency, and power input table for each signal. 


(a) FM signals have a 100% duty ratio, hence a is used: 


PEP 


Tyre = 100/168.1 = 59.5% . 


(b) CW signals have a 50% duty ratio, hence the power consumed is the average 
of that for key up and key down conditions. 


Pavc,xMrp ~ 71°% W 


P aye 7 ¥(100) = 50 W 
Nywrp = 3O/91.2 = 54.8%. 


(c) Equation (16-11) gives the average efficiency (0.617) of an ideal Class B 


P16-3.1 bo 


stage for two-tone SSB signals. This is multiplied by the PEP efficiency (0.65) of the 
real Class B PA to get the average efficiency of the real Class B PA: 


Naya = 0.617-0.65 = 0.401 


Since & = 2 (~ 3 dB) for two-tone SSB, 


PMAVG ~ 100/2 = 50 W 


Prave? 


Nywrp = 50/139.0 = 36.0% 


(d) Equation (16-10) gives the average efficiency (0.589) of an ideal Class B 
PA, and & = 8/3. As in (c) above, 


Naya = 0.589-0.65 = 0.383 


P AVG 100/(8/3) = 37.5 W. 


Poave? Pave? S 


A eS TS 14.3 
B Ohn 0.383 oT. 9 


P = 112.2 W 
= 37.5/112.2 = 33.4% 


1, XMTR 


TYMTR 


(e) Equation (16-12) gives the approximate average efficiency of an ideal 
Class B PA with speech-derived SSB. Since 10 dB is analogous to a & = 10, 
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note that the 1/4 efficiency of an ideal PA is replaced by the 0.65 efficiency of the 
real PA. Also, 


DAVG = P ppp! ® = 100/10 = 10 W 


Ps XMPR 60.7 W 
NyurR = 10/60.7 = 16.5% 


16-3.2 Since the ten 1-Watt signals are of different frequencies, their powers add to 
produce 


P AVG ~ LOC) = Owe 


for the repeater. However, their peak voltages add to produce the peak voltage output 
(hence peak envelope power) of the repeater, thus 


= PAW 
Be (1071) 100 W. 


ales 


opEp! 


OAVG = 100/10 = 10 


For a Class A PA, 
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Ps = 38.4 W. 


tave ~ Poavc! Mave 


16-4.1 The circuit diagram of Figure 16-6b applies and reduces to the equivalent cir- 
cuit below for RF: 


Source 


50 22 


(The designer should remember that if the source and/or load are power amplifiers, they 
may not have the 50-ohm impedances shown.) Through ordinary circuit analysis, we obtain 


if 50 
"0 100 +R, "s 
or 
"2 1 
V, 2 +*R,/50 
hence 
V 
-27.2 dB ~ 0.044 < = < 0.424 ~ -7.5 dB 
Ss 


Since this system has Voie = 4 with Rae 0, the actual minimum insertion loss 


is 1.5 dB rather than 7.5 dB. The control range is 20 log (0.424/0.044) = 19.7 dB. Min- 
imum attenuation is obtained with ae 1 mA. Equation (16-13) is then used first to 


determine constant XK and then ee for maximum attenuation: 


K.= 18-0.001°*® =. 4.12-10-2 


( K ie 
1 de, maz atten \1040 S- oe 
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The blocking capacitors should have Xo < 18/10 Q at f = 2 MHz, hence 
C= i020) wh Fr 100uprs. 


The RF chokes should have Xpen > (1040 + 50)*10 = 10k 2, at f= 2 MHz, hence 


16-4.2 Start with (16-14): 


Sa 
I 
a 
+ 
Q, 
Ss 
Ky 
1 
by 
Ky 


TT 
cs 
w 
' 
25, 
9 
+ 
cae 
p< 
La 
Ky 
1) 


The phasor magnitude is then 


SNS 
I 
= 
UI 


V [Re(v,)]2 +L[1m(v, )]? 
ae / (R - ie)? + x2 


16-4.3 A VSWR of S = 2 can be produced by an infinite number of load impendances. Since. 
ie from the so-called VSWR detector is not actually VSWR, its value can differ from one 


impedance with S = 2 to another impedance with S = 2. The purpose of this problem is to 
find a trip point value of V m at which warning or drive reduction circuits are activated. 
al 


To ensure that the alarm or protective circuitry is activated whenever S 2 2, we must 
find the minimum value of / ie for the set of load impedances with S = 2. This means, of 
1 


course, that the protective circuitry will sometimes be activated with S < 2; however, 
this is preferable to the destruction of the transistors that might occur if S 2 2 


P16-4.3 el 


goes undetected. 


The set of impedances with Ss = 2 is characterized by a given |r| with 0 < y < 
2m. Towrite 7, as a function of y, combine the formula for |r|? from Table 16-1 with 


(16-15): 
Wace Pea ke 


um’ ~ om 


2 = 
Ir Cae aaa 
O 


oe 2 2 + Zig ye 
V et tel UL Gee.) Ti 


1m 
Let 
Z| = (R + R,) wap ee tz 
hence 
Z*= (2 + BR.) ~ 9X 
1 O 
and 
Poe er oer eZ? ie. 
1m om af a 
From Table 16-1, 
ey 2, ae 
O73 bie f os , 
therefore 


id 2 
& fo G - Rel - gj im 2 


= Z 
a eae ( - Rel + 7 Im r) 


P16-4.3 
Now 
Re T = |I| cos y 
Im f = |T| sin y 
hence 
4k 
Aner 2 


ee 7 lt eRe ah LCOS VPA | 


For a given Z_ and |f|, V2 varies with Z Z *. The minimum values of V 
om 1m Ten: 1m 
therefore occurs with the minimum value of Z Z * hence with 

al ak 


cos y = -l 
and 
Vo ue War 
FOr onc. 
Sb need AQT 
[E499 my 
Since 
eye -1 5) 
& Pe awate 
r= |rile Zz? 
and 
1-< 2/3 
= ee = = 
Z i 1% 473 R, 25uS 
This gives 


lo Mes V (25 - 50)2 + 02 = 25 ais 


as the trip level for the protective circuitry. 


Using similar reasoning, we find that the maximum value of V Fe for a given VSWR 
1 


is produced when cos y = +1, hence y = 0 and TI has a positive, real value. This "VSWR" 
detector can thus be tripped by a resistive load satisfying 


(R - 50)2 + 02 = 252 
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hence mes 0 St 


For this load, 


os 
Bee, = 1.5 


We are therefore sure of a warning or drive reduction when S 22, but may get warnings or 
drive reductions with S as low as 1.5. 


ct ec tycoon noes 
16-5.1 The envelope and phase functions given by (16-17) and (16-18) are applicable to 
this problem, but the student must decide (a) whether to reference carrier phase to a 
Sine or to a cosine wave and (b) which signs to use in v(t) and v(t) to produce an 


upper-sideband signal. Consider that 


: ; neg \ Z } 
sinw t sinwt al cos(w t cos(w, wf] 


a) 
cos w t cos wt = s[ cos (w, ~ dt + cos (w. + w)] 
A USB signal is therefore produced by 


v(t) = v(t) sin wt + v(t) coswt , 
where 
: Baye 
v(t) = -vae(t) = -g[sinw ¢ + sin 3u + sin Sw t] : 


and 


Vv (t) =HLvqe(t)] 


Cc 


= $(cos wt + cos 3w t + cos 5w t). 
m m m 


The phase function 6(t) is referenced to sin wit. The 90° phase shift in Vac (t) is re- 
presented mathematically as a Hilbert transform (H[]). 
Sin w t 

oO 


-v(¢) 


Bapse) 


COS Wot 
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(1/3) sin 3u_t 


(173)'cos 3w t 


(1/3) sin 2w _t 
1/3) cos 2u t 


(1/3) sin w t 


(1/3) cos wt 


6(t) 


Sine 
Phasors with we =O. 


a 


16-5.2 Designing an EER transmitter configuration is much the same as designing an 
AM transmitter configuration. First, rough out the RF power chain: 


By G 
oO oe eee 
100° Weta ee Be aces» 


Cooma 
3. VGN Me eG dP ease sD) 


100 mW ee 


eaters. 21) GB -> Class A 


mixer > 1 mW 


The broadband frequency translation scheme of Figure 16-2 is used. If fixed bandpass 
filters are used, at least 7 filtérs will probably be required to cover the 2 - 30 MHz 
range, as in Example 12-8.1; this is entirely suitable for the driver-to-final amplifier 
filtering. If the application allows, tunable output filters should be used to provide 
best performance and to cancel any reactance in the load. If tunable filters can be 
used, only four are necessary, as in Problem 14-2.3. 


PROBLEM 16-5.1 
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A CW signal of peak envelope power produces the following table: 


147.06 


Since the final RF amplifier is powered by the output of the modulator, 


A syurr = 15600 + 1.00 + 3.95 2°0,29. =.152,3 W 


Nywrp = 100/152.3 = 65.7%. 


For speech-derived signals, the outputs and inputs of the Class D final RF 
amplifier and the Class S modulator must be reduced by the factor 1/&. Since & = 10, 
the power consumed by the low-level stages becomes more significant. Nonetheless, the 
efficiency is higher than that of a transmitter using linear power amplification. (The 
Class B PA of Problem 16-3.le consumed 46.4 W by itself.) 
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P = 74.71 et 1001+ 3.95 #0629 = 19.95 W 


tXMTR 


Nyvtr = 407 19,95:"= 50.1%. 
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